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Rapid dendritic growth in melt-spun Cu-Sn alloys

YANG Yang, XU Jin-feng, ZHAI Qiu-ya

(School of Materials Science and Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: The phase structure and microstructural characteristics of rapidly solidified Cu-xSn(x=7%, 13.5%, mass
fraction) alloys were investigated. The cooling rate was calculated theoretically by coupling the heat conduct equation
and Navier-Stokes equation. The results show that under rapid solidification condition, the single phase a-Cu solid
solution is formed in Cu-7%Sn alloy. The microstructure of Cu-13.5%Sn alloy consists of main phase Cu;z;Sn and a few
of a-Cu phase. With increasing cooling rate, the effect of solute trapping is enhanced, and the phase structure changes
from multiphase to single-phase. The microstructures of the alloy along the direction vertical to wheel surface are
characterized by fine equiaxed, columnar and coarse equiaxed grain, respectively. Both @-Cu and Cu;3 ;Sn phase grow in
the manner of dendritic growth. With increasing temperature gradient, the growth rate of columnar crystals increases
linearly.
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Table 1 Physical parameters used in calculation

Parameter Cu-7%Sn Cu-13.5%Sn
Thermal conduc7t11v1t7y1 of melt, 160,51 155.46
A/(W-m -K™)
Thermal conducitllvr[iy1 of solid, 235.85 29778
A/(W-m -K™)
Specific heat of melt, 485.13 47536
c/(Jkg " K)
Specific heat of solid, 463.99 455.07
cs/(Tkg - K)
Density of melt, p/(kgm~) 7 896.53 7 882.22
Density of solid, ps/(kg-m ) 8 895.26 8 831.17
Heat of fusion, AH/(J-kg™") 1.34x10° 1.28x10°
Heat transfergoeffl'lment, 1.0x10° 1.0x10°
h/(W-m ~K™)

Height of puddle, H/m 1.2x107° 1.2x107°
Radius of roller, 7/m 6x10°° 6x107
Width of puddle, L/m 1.6x107° 1.6x107°
Width of nozzle, /m 8x107* 8x107*

Thermal conduct}?ilt}i 1of 397 397
wheel, 4,/(W-m K )
Density of wheel, p,/(kgm™>)  8.96x10° 8.96x10°

Specific hea}lof Yslzheel, 390 390

cw/(Tkg -K)
Rotation rate oj wheel, 333-87] 333-871
w/(rad-s )
Gas constant, R/(J-K"-mol™") 8.314 4 8.314 4
Acceleration of gravity, 9.8 0.8

gl(m-s?)
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Fig.2 Variations of cooling rate with wheel velocity for

rapidly solidified alloys

o— g-Cu

L 1 1

20 40 60 80 100
20/(°)
3 PRIUEEE Cu-7%Sn G 4x 1K X I Ee AT 5 i
Fig.3 X-ray diffraction pattern of rapidly solidified Cu-7%Sn

alloy

HIHAFAFALN) CupssSn FSEMK o-Cu HHAFE T
Ko A AR (T =3.52x10° K/s), &l 2410
Cuy3,Sn A M, JHEAE—E RN a-Cu M. R THE
JE (T =4.03x10° K/s), Cuy3,Sn MG EBZ, o-Cu #
S AN D . A A B T =4.48x10° K/s HY,
Cups,Sn HIEEEFWMEL, oCu HEEJLTH 0, %t
[ 21 23 B A Cuys ,Sn 41RK

g BTk, fE 2 R 4T, Cu-7%Sn &
L a-Cu ARG 4127 . Cu-13.5%Sn &4 JE i LA
Cuys7Sn 4 EAH AP IRRE I ZH R, Bl v B A 1 1
Ko B N Y5, A S AR A5 H S ) B AR



1524 PR R AR

2007 £ 9 H

(a) v — Cuy375n
o— g-Cu
(b) [
_H,_I . Jx
© ‘
g s
20 40 60 80 100
20/(°)

4 YUk Cu-13.5%Sn A4 XRD i

Fig.4 X-ray diffraction patterns of rapidly solidified
Cu-13.5%Sn alloys: (a) T =3.52x10° K/s; (b) T =4.03x10°
K/s; (c) T =4.48x10° K/s
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Fig.6 Rapid solidification microstructure of Cu-13.5%Sn
alloy at different cooling rates: (a) 7T =3.52x10° K/s; (b)
T=4.48x10° K/s
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