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Casting Conditions and Solidification Characteristics of Sn-Zn Alloys
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Abstract

An investigation has been conducted to describe solidification characteristics in Sn-Zn binary system and Sn-Zn-Ag
ternary system added by Ag produced by the continuous casting process using heated mold as a basic study for
developing Pb-free solder materials. To obtain the continuous casting rods with mirror surface and near net shape at
higher casting speed, water flow rates must be increased and mold temperature must be lowered. However, surface tearing
in the casting rods occured at lower continuous casting speed while break out occured at higher continuous casting speed
even if optimum conditions such as water flow rate and heated mold temperature are determined. Primary oSn and
eutectic structure in unidirectioally solidified Sn-Zn alloys were finer with increased casting speed. But, directionality may
not be expected for primary Zn in hypereutectic Sn-Zn alloy. It was found that the addition of 0.2~0.8% Ag promoted the
growth of primary aSn dendrites. The changes of tensile strength and elongation in Sn-Zn binary alloys were not
observed while the increase of tensile strength and the decrease of elongation in Sn-Zn-Ag ternary alloys were observed

with increased casting speed.
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Table 1. The casting conditions for Sn-Zn alloy rods by
horizontal continuous casting process

Casting Atmosphere Ar Gas
Rod Diameter (mm) 4
Mold-Cooler Distance (mm) 5
Melt Temp. (°C) T,+50°C
Mold Temp. (°C) Ty+(5~30°C)
Water Flow Rate (1/min) 0.2~0.6
Casting Speed (mm/min) 20~350
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Fig. 1. Relationship between cooling water flow rates and
casting speed for rods cast in continuous casting
process.
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Fig. 2. Relationship between mold temperature and casting
speed for rods cast in continuous casting process.
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Fig. 3. Optical micrographs of longitudinal sections of (a) Sn-

ey L

6.5%Zn (b) Sn-9%Zn and (c) Sn-14%Zn alloy rods cast in

metallic mold casting and continuous casting process. The cooling rate in metallic mold casting is 0.8°C/sec and the

casting speed in continuous casting is 50 mm/min.
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Fig. 4. SEM micrographs of longitudinal sections of Sn-
6.5%7Zn alloy rods cast in (a) metallic mold casting
and (b) continuous casting process. The cooling rate
in metallic mold casting is 0.8°C/sec and the
casting speed in continuous casting is 150 mm / min.

TEEER AT ASFEA e SEMURE = 1
2] 4of el o, Sn-9%ZngHEel] tiste] A2
%ol b2 Sz WalE SEMOE P A%
= 29 5 e} Yo} Sn-6.5%Zn¥t2] ST
Aol ol gl S24 2gosh QA2
of FHZALD o] olA ger}, A&FEA 7
$ole 24a U FHEA) 25 BPYE AT
slom, A&z FAZAe] urk nAlT g
o g Ut 2™ 59 Sn-9%Zn3F AFA M E o
W S3RAS BHAFa gloy, F2EE7} 50
mm/minel| 4 250 mm/min® 7184 B FAFALS
0% vlAISE AL 355 4 stk & ATellA] gt
AHFFEHS FYHAA L A2 IS A3

S P Mle
iy P -3 4+ %
1 -
T Mo

A7 1611

Fig. 5. SEM micrographs of longitudinal sections of Sn-
9.0%Zn alloy rods cast at casting speed of (a) 50
mm / min and (b} 250 mm /min
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Fig. 6. Optical micrographs of longitudinal sections of Sn-6.
5%Zn alloy rods by addtion of (a) 0.2, (b) 0.5 and
(c) 0.8% Ag cast at casting speed of 50 mm/min.
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7. Optical micrographs of longitudinal sections of Sn-6.
5%Zn-0.8%Ag alloy rods cast at casting speed of (a)
150 mm /min and (b) 250 mm /min.
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Fig. 8. EPMA results of Sn-6.5%Zn-0.5%Ag alloy rods cast
in (a) metallic mold and (b) continuous casting
process. The cooling rate in metallic mold casting is
0.8°C/sec and the casting speed in continuous
casting is 150 mm / min.
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Fig. 9. Change of tensile strength with increased casting
speed in Sn-6.5%Zn alloy rods.
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Fig. 10. Change of elongation with increased casting speed
in Sn-6.5%Zn alloy rods.
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Fig. 11. Change of tensile strength with increased Ag
contents in Sn-6.5%Zn alloy rods cast in metallic
mold and continuous casting process. The cooling
rate in metallic mold casting is 0.8°C/sec and the
casting speed in continuous casting is 150 mm/min.
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Fig. 12. Change of elongation with increased Ag contents
in 8Sn-6.5%Zn alloy rods. The cooling rate in
metallic mold casting is 0.8°C/sec and casting
speed in the continuous casting is 150 mm / min.
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