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Microstructural morphology and phase structure of
rapidly solidified Cu Sn alloy

ZHAT Qiurya, YANG Yang, XU Jirfeng, GUO Xuefeng
(School of Materials Science and Engineering,

Xi an University of Technology, Xi an 710048, China)

Abstract: The phase structure, crystal growth behavior and microstructural characteristics of rapidly solidified Cur
20% Sn alloy were investigated and the relationships between the microstructure formation and the cooling rate were
analyzed theoretically. The results show that under rapid solidification condition, the peritectic transition and eutec-
toid transitions of the alloy are all suppressed, which results in the formation of microstructures characterized mainly
by metastable Cus 6Sn metallic compound. With increasing cooling rate, the amount of & Cu phase decreases, while
that of Cus ¢Sn phase increases. Meanwhile, the growth form transforms from faced to normrfaced growth and the micro-
structure exhibits apparent growth orientation. TEM reveals that there exists large quantity of dislocation pile-up and twins
in Cus 6Sn grains. Those twins are parallel to each other with the interspacing about 25~ 80 nm, and extend to the bounda-

ry of Cus.sSn branches. The increase of cooling rate results in the increase of dislocation density and twin quantity.
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Table 1 Physical parameters used in calculation

Parameter

Value

Thermal conductivity of melt, A.
Thermal conductivity of solid, M
Specific heat of melt, CL
Specific heat of solid, Cs
Density of melt, A
Density of solid,

Heat of fusion, AH
Heat transfer coefficient, aw

Height of puddle, H
Radius of roller, r
Width of puddle, L
Width of nozzle, [
Thermal conductivity of wheel, A
Density of wheel, 0,
Specific heat of wheel, C.
Rotation rate of wheel, ®
Gas constant, R

Acceleration of gravity, g

150.09 W/ (m * K)
219.18 W/ (m * K)
464.95 J/ (kg * K)
445.56 J/ (kg * K)
7852. 28 kg/ m®
8762. 84 kg/ m®

1.86 % 10° J/ kg
1.0x 10° W/ (m? * K)

1.2x 103 m
6x10"2m
1.6x107 3 m
8x 10" *m
397 W/ (m * K)
8.96 x 10° kg/ m?
390 J/ (kg * K)
333~ 871 rad/s
8.3144 J/ (K * mol)
9.8 m/s’

BRSOV HE R AE (1. 34~ 2. 65) x 10° K/S 75
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Fig. 1 Selection of alloy composition

in Cu-Sn phase diagram
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Fig.2 X-ray diffraction patterns of rapidly

solidified alloys at different cooling rates
(a) —T=1.34x10°K/s; (b) —T= 2.56%x 10° K/s
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Fig. 3 TEM morphologies of rapidly

solidified alloys at different cooling rates
(a) —T=1.34%x10° K/s; (b) —T'=2.56x10° K/s
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Fig. 4 Selected area electron patterns

and its diffraction labeled graphs
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