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ABSTRACT Dendrite, which plays a key role in determining the mechanical properties of the
casting parts, is the most important growth form in cast ingot and its pattern has received a wide
range of investigations. In this work, the three–dimensional (3D) dendritic morphology of primary
phase Cu2Mg in Cu–10.25%Mg hypereutectic alloy has been studied using the serial sectioning
technique during directional solidification, due to the fact that the Cu2Mg phase is a typical Laves
phase existing in most intermetallic compounds. The experimental results showed that the secondary
dendrite profile of primary phase Cu2Mg had different morphologies at the pulling rate of 20 μm/s,
which included plate–like, octahedral and faceted patterns. The occurrence of these patterns was
related to alloy macro–segregation and the thermo–solutal convection during directional solidification.
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The growth dendrites and their side–branching morphologies in the three–dimensional section were
clearly interpreted differently from those in the two–dimensional section. The two–dimensionally dis-
continuous dendrites in growth direction were the secondary dendrites of primary phase Cu2Mg and
the branching dendrites in two–dimensional section were part of the primary dendrites. Furthermore,
the primary and secondary dendrite arm spacing were calculated as 112.53 and 40.78 μm, close to
those of the plate–like dendrites measured at the solidified fraction of 0.6 with the values of 123.30
and 44.82 μm, less than those of the octahedral dendrites measured at the solidified fraction of 0.8,
which were 198.00 and 47.66 μm. In addition, the growth rates of secondary dendrites with octahedral,
faceted and plate–like patterns were calculated as 1.40, 1.94 and 2.66 μm/s, respectively, an order of
magnitude less than the pulling rate of 20 μm/s.
KEY WORDS three–dimensional serial sectioning, Laves phase Cu2Mg, faceted and non–faceted

dendrite, directional solidification
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Fig.2 Microstructures of directionally solidified Cu–10.25%Mg hypereutectic alloy at different solidified fractions

(a) transverse microstructures at solidified fraction fs=0.6

(b) transverse microstructures at fs=0.8

(c) local magnification microstructures at position P in Fig.2a

(d) local magnification microstructures at position Q in Fig.2b

(e) longitudinal microstructure at fs=0.6

(f) longitudinal microstructure at fs=0.8
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Fig.3 Longitudinal microstructures of various layers in directionally solidified Cu–10.25%Mg hypereutectic alloy

at fs=0.6 (A and B in Fig.3d correspond to two independent intersecting dendrites)

(a) layer 18 (b) layer 19 (c) layer 20 (d) layer 58 (e) layer 59 (f) layer 60
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Fig.4 Three–dimensional dendritic morphologies of primary Cu2Mg in directionally solidified Cu–10.25%Mg hy-

pereutectic alloy at fs=0.6 in longitudinal direction (a) and transverse direction (b)
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Fig.5 Three–dimensional dendritic morphologies of primary Cu2Mg at fs=0.6

(a) dendrite A in Fig.3d (b) dendrite B in Fig.3d
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Fig.7 Cross–sectional microstructures of directionally solidified Cu–10.25%Mg hypereutectic alloy at fs=0.8(Areas

A and B in Figs.7a—f correspond to the faceted dendrites which changed continuously during the serial

sectioning and areas C in Figs.7a—f correspond to the ones which remain constant)

(a) layer 55 (b) layer 56 (c) layer 57 (d) layer 58 (e) layer 59 (f) layer 60
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I 8 fs=0.8 ���� Cu2Mg ��	
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Fig.8 Three–dimensional dendritic morphologies of primary Cu2Mg at fs=0.8 (a) and one of the

dendrites in Fig.8a (b)

k/0)"fG�"h�9.

$#S-+^O 8 , 4 6" 2 :=!�!, '0-

5#\�``fG�"h��"�!*C,2C;G, *

P$ 198.00 , 47.66 μm.

3 gh
3.1 ijklRSTUmn

#"@NFHF$ 20 μm/s "Æ#�$>*5�Z
�,=!) Cu2Mg �!,�!;"7!5�5(, B�

,-#"�$HFuH#o#7!5�!#"HFl;.

o\�$mh [18,19], a7!Q#"Sn�uv"mnH

F Vc $

Vc = GDL/ΔT = GDL/(TL − TE) (2)

R6, G $$/Jn�QJ)"I9J9, DL $J)L=
"fg8,, ΔT $#")!I9;p, TL $#""J)

UI9, TE $7!g>I9. o\ Cu–Cu2Mg #")O

,?/W, [20], 35/: Cu–10.25%Mg H7!#"S

n�uv"mnHF$ 3.72 μm/s. ]F, i�$HFk

- 3.72 μm/s 2, #"�$5�$o#!#"7!5�,

/'06NFHF 20 μm/s 0-mnHF (Æ#�$2

Jv�2, #""NFHFC�$HF)'), $F3!S

n�uv, jc Cu–10.25%Mg H7!#"Æ#�$2

w9::=!) Cu2Mg �!, O4J)�$(7!5�,

�(O 2 PQ"�$5�.

O 2a , b 6, H1�$*,>"=!) Cu2Mg �

!��U1H0, /1*^I�("=!�!�9c3&

0"YY, :`H+*!#"fnVh�!,<0"fG

�"h�!, W(�#"@Æ#�$HO63!(*]:
"Nq, /B:(*]:C#"6a@"+e3@. Cu–

10.25%Mg H7!#"Æ#�$6, 9:: Cu2Mg ),

$/Jn�H6!:L= Cu, r^@�$n�/b, _(

L=n9J9&#CGDNF&#,9@&#*c, ]F

)>njo##"C"Æ#("L=+e, jc#"@H

1"�$*,>"5�U1H0. D/, ,-Æ#�$'

057\#sp.E, GD6H3vqna@D#I9J
9, 0n�/bJ)6�(#E+e%L=+e [21], 1

2GD�$2, @\.EI9&J, C"<6"#@\e
B [22], jcGD6"Z7C"(*]HH7!(*, #7

!(*Qo+, �(#O 2a , b PQ"GDTN$=!

�!,7!$/6"Z7:�o#!#"7!5�. EF

?@, E+e%L=+e"Æ*R9(&#�jc#�!
fx�$tp"YY [23], _(2C�!!#��H+*

(O 2c , d), /B:H+*!#��C*!#HF 1
)@.

3.2 YZ[ Cu2Mg ^Npqr^Z_stuv
E+e%L=+e"a@VDjcC"6w!WZ

�$rB@"YY, -/&#�!"!#��, /WZ�

$rB@3[*!#HF&Jgm, $F, @)(�!�

96:<-5#E:��2C�!"#9, 95/#\�

"!#HF,  F*: 3 :\���"�(Vl.

2C\�!#HF Vs 3BQ$

Vs =
L

tf
(3)

R6, L $2C\�"#9, tf $\�!#"2;, q#"



� 1 � �3�� : ���� Cu–10.25%Mg  !�" 4�� Laves � Cu2Mg ����Æ� 99 

"WZ�$2;, 3BQ$

tf =
ΔT

GV
(4)

R6, V $#"�$HF, @Æ#�$2Jv�2, u

1CGD"NFHF)'. /)>",\AsR (4), 3

& tf=68.18 s. ,O 6 , 8 -5:fG�"h��2

C\�SO#9$ 95.79 μm,fM�h\�SO#9$

132.00 μm,fnVh\�SO#9$ 181.50 μm, AsR

(3)3)&fG�"h\�SO!#HF$ 1.40 μm/s,fM

�h\�SO!#HF$ 1.94 μm/s,fnVh\�"S

O!#HF$ 2.66 μm/s. /)>"*C�!"�$HF

Vpd 3BQ$

Vpd = Vpu/cosθ (5)

R6, Vpu $NFHF, θ $*C�!CEe&#"cN.

,R (5) 3g, *C�!!#HF0-0'-NFHF

20 μm/s. ]F, 2C\�!#HF(^*C�!"�$

HFk 1 R,5Æ. !#HF"5/).BU, 3 :\�
PQ"�$tpa@YY.fG�"h\�!#HF7k,

fnVh\�"!#HF70, *^10-
√
3, o\'&

"3;1#?!#HFC��lUO [24], \�"!#�

�[,fnVheU1(fG�"he, /!#HFr-B

On?;"\�, i�(&$0."��, QfM�h\�

��, QO 9 PQ. *6O 9a � fs=0.6 2 Cu2Mg M

�\�WZ)(�9, O 9b � fs=0.8 2 Cu2MgfG�

"h\�WZ)(�9.

3.3 YZ[ Cu2Mg Qwqxpq^Nyz
o\�$mh, #"Æ#�$>*C,2C�!;G

C(*,�$GoW,?;"@83BQ$ [18]

λ1 = a · (ΔT )1/4G−1/2V −1/4 (6)

λ2 = b · t1/3f (7)

R6, a, b $!,.

/ Cu–10.25%Mg #""?/W, [20] ,�$Go

W,AsR (6) , (7), 35/:#"Æ#�$>�!

"*C,2C;G*P$ 112.53 , 40.78 μm, *C�

!;G5/1C fs=0.6 2=! Cu2Mg �!"-51

123.30 μm ^&<+, /^ fs=0.8 2=! Cu2Mg �!

"-51 198.00 μm (k; 2 :�9"=!)"2C�
!;G5/1C-51O^&<+. *C�!;Gmh5

/).C'0).w!"yY, *&�p-#"?/W,

$1a@"yY, Æ*&�R (6) , (7) "5/).�I

fg+q)&")., BC#"'s�$6a@"+eV
l3PH1. tvmh5/).C'0).a@*Æ"Y

Y, +Ifg+q5/").[3&C"WRA1.

I 9 ��� Cu2Mg ��	
������	
Fig.9 Three–dimensional morphologies of faceted sec-

ondary dendrite at fs=0.6 (a) and octahedral sec-

ondary dendrite at fs=0.8 (b)

4 Jh
(1) K704121-)&#Æ#�$ Cu–

10.25%Mg H7!#"6=!) Cu2Mg )(�!!

#��, Cu2Mg �!2C\�`fG�"h$fM�h,

fnVh��.

(2) 9("=!) Cu2Mg )(�!��BU, 2(

I�5�6b!#&#H04"�!'=(�2C\�
"^6�5�, /Z*b!#&#*g"�!X�aR=

!�!*C�!Æ"WZ, 9a2(I�5�c6:"=
!�!*g`=.

(3)NFHF$ 20 μm/s2, Cu–10.25%MgH7!

#""*C,2C�!;G*P$ 112.53 , 40.78 μm,

C\�` f̀nVh��"=!)(�!;G-51^&

<+, /^\�``fG�"h��"=!�!;G"-

51(k.

(4) =!) Cu2Mg )(�!G�"$M�,nV\

�!#HF*P$ 1.40, 1.94 , 2.66 μm/s, ^�!Wf
"!#HF(k+*R,5Æ.
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