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Abstract: Effects of different solidification modes, including of furnace cooling, air cooling, water
cooling and liquid nitrogen cooling, and magnetic fields on the impact toughness and microstructure of
Sn-Bi solders are studied. T he results show that fast cooling and rotating magnetic fields were applied
for refining the structure of the SrBi solder. Although these technologies can refine the grain size,
meanw hile they reduced the plasticity of the solder. For Sir57Bi alloy fast cooling caused the segrega
tion of Bi, and the rotating magnetic field lead to the structural heterogeneity. Both methods de
stroyed the strengthening mechanism of adding Ge and lead the Ag3Sn phase to become coarse. Fur
ther more, the centrifugal force of the rotating magnetic of the 43S Bir3 5Ag caused the increase of
segregation. With the cooling rate increases, the toughness of Sir57Bi eutectic solder increase firstly
and then decrease due to the joint actions of structure refinement and segregation.
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Table 1 Corresponding to different cooling models of cooling rates
Cooling method Furnace cooling Air cooling Water cooling Liquid nitrogen cooling
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Fig.2 Microstructure of Sr57Bi solder after different cooling m ethods

(a) furnace cooling; (b) air cooling; (¢) water cooling; (d) liquid nitrogen cooling
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Table 2 Composition of solder with different cooling rates(mass fraction/ %)
Sn based phase Bi based phase
Com position Furnace Air Liquid nitrogen Furnace Air Liquid nitrogen
cooling cooling cooling cooling cooling cooling
Sn 96. 54 95.34 90. 23 0 1.17 4.68
Bi 3.46 4. 66 9.77 100 98. 83 95.32
2.2 Sir Bi , Sir Bi
2.2.1 43S Br X , , Ge
2
4381r Br X Ag
3 ) 3 .
3 Sn Bi
T able 3 Mechanical properties of Sir Bi solder with different cooling rates
. Average impact toughness/(J* cm~ 2) Yield strength/ M Pa
C om position - - — - - - — -
Air cooling Liquid nitrogen cooling Air cooling Liquid nitrogen cooling
Sir 57Bi 1. 4521 0.3424 56.93 52.95
43S Br3.5A¢ 1. 7346 0. 5060 57.91 54.06
43S Br1Ge 1. 7257 0.9124 57.44 67.18
2.2.2 435 Br X 3 3 ,
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Fig.3 Microstructure of 43S Bi X solder after rapid cooling (a)43Sir Br 1Ge; (b) 43S Br3.5A¢
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T able 4 Mechanical properties of Sir Bi solder at a 10001/ min rotation rate
. Average impact toughness/ (J* cm~ 2) Yield strength/ M Pa
Com position - - - - - - - -
Air cooling Rotation m agnetic field Air cooling Rotation magnetic field
Sir 57Bi 1.4521 0. 7825 36.93 57.05
43S Br3.5A¢g 1. 7346 0.4536 57.91 58.44
43S Br1Ge 1. 7257 0. 6350 57. 44 62.30
S0um
Sir 57Bi
(@) 660r/ min ( ); (b) 660r/ min( ); ('¢) 1000r/ min ( );
('d) 1000r/ min( ); (e) 1320r/ min( )5 (f) 1320r/ min( )
Fig. 5 Microstructure of Sr57Bi solder after different rotation rates
(a) 660r/ min (low magnification) ; (b) 660r/ min( high magnification) ; (¢) 1000r/ min(low magnification) ;
(d) 1000r/ min( high m agnification) ; () 1320r/ min (low magnification); (f) 1320r/ min (high magnification)
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Fig.6  Microstructure of Sir Bi X solder at a 10001/ min rotation rate (a)43Sir Bt 1Ge; (b) 43S Bi 3. 5A¢g
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