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Effect of shear force on microstructure evolution and
plasticity of semi-solid Sn-Bi alloy
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Abstract: The hypereutectic Sn-62Bi alloy was obtained by semi-solid mechanical stirring casting technology. The
influences of shear force and stirring time on the microstructure and plasticity of semi-solid alloy under different solid
phase ratios were investigated. The results show that the semi-solid Sn-62Bi alloy with uniform distribution and fine
quadrate primary Bi phase is obtained at agitating rate of 500 r/min, the temperature of 145 “C and the stirring time of 15
min. The size of quadrate primary Bi phase is about 30 pm. The elongation of semi-solid Sn-Bi alloy prepared is 39.9%,
which is improved by 283.3%, compared to that of Sn-62Bi alloy prepared from the molten alloy at 180 “C and solidified
in water. When the agitating temperature is 150 “C, the friction and collision of quadrate primary Bi phase particles
increase with increasing the stirring time, the probability of the friction and collision between quadrate primary Bi phase
particle increases with increasing the stirring time, which leads to that the particles sizes become smaller and the particles
distributions are uniform, and the elongation is improved.
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Fig. 1 Schematic diagram of self-designed semi-solid slurry
preparation device: 1— Temperature logging devices; 2—
Temperature control equipment; 3 — Mechanical stirring

equipment; 4—Vacuum casting equipment; 5S—Heating furnace

1.2 XB#MNRAE

AL T = ZRR R 85(99.9%, T 73 20 Fiel
(99.9%, JUEE), A4 orie 2 Sn-62Bi(iiE 4y
. %), AiHtEA4E. M Sn-Bi oo KNI E
t, BT Sn-62Bi M Lah A4, TEBER 45 i SE T
HAHEHOIR Bie Sn-62Bi £ 4 BAHZIR S0 155 °C,
FARERIRE N 139 °C o E[AIAHZR 5 B AHZE IR E X [R]
P, BEANEARAL TP RS, 8P [ 25 DX Tl L
0 Bl N — T A 2 B2 150 CRl—AN I3k gl 4k
U EE 140 °C LAS AR A ] 2 5 X Ta] 5 11 145 C gk
AT AN B[R] PRI LR+ o

I, e TE R NP R S O BC L (B
By 4 BT HHR IR 300 Crstl, 4B bhoedts
b Ja B B e S, 0SS SRR TR,
el A85HE T 2B EWR 1A L2 B ER R
AR, I BL BoOs Sk FZE s e Ak 71 AR 1H 246



468 o E A (8 R R 201542 A

o BEPELEAUR, 0 2L B G0HE T 46 100

B EHE MR I KA, RS HEAN 6 mm 1 : —

Febt . UTRBEHUMERE B4 & AL B R, 164 Sample s | = 2o . =B

SRR REIN L S AR A SRR B 180 C NIRRT T

FENUIEFE 5 min, DRSS 5 min, PRI Sample 4

S RGBT R, KA BEE . IR e e

Fb— 350 45 A MRARE, OB AE XTL-03 %4 Sample 3

5 WS4 AIAI4L, £E Genesis XM 251 X i N T TN T S

LRREWA FUEATRERE AT o, — AR 4 Sample 2

FRUERLARRE, 75 WDW S iy 3 kg i b kA7 %afi“ || Y

S 8 A W T T
0

F1 FHSHIETZ2H

Table 1 Process parameters of semi-solid casting process

Sample Stirring Stirring time/ Stirring rate/
No. temperature/‘C min (rmin")
1 180 0 0
2 140 15 500
3 145 15 500
4 150 15 500
5 150 25 500
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Fig. 2 XRD patterns of Sn-62Bi alloy prepared by different
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process parameters

S0

3 Sn-62Bi 1t 180 ‘C ALKV P4t BUE ) 2 2 21
Fig. 3 Microstructure of Sn-62Bi quenched at 180 C without

mechanical stirring
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Fig. 4 Microstructures of semi-solid Sn-62Bi alloy treated by
mechanical stirring for different times: (a) 140 C; (b) 145 C,
(c) 150 'C
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Fig. 5 Microstructures of semisolid Sn-62Bi alloy treated by

mechanical stirring at 150 ‘C for different times: (a) 15 min; (b)

25 min
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Fig. 7 Mechanism of mechanical stirring shear force on block
Bi
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