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Abstract

The study aimed at the development of properties of pure aluminum 99.309% and Sn-Zn
by Gas Induced Semi Solid (GISS) casting process.

GISS time and gas pressure at different conditions are important variables for reductions
of shrinkage porosities and occurred globular, granular grain structure to affect the good
mechanical properties.

The study found that when GISS time was increased, the shrinkage of casting parts was
reduced and made uniformities structure of casting parts leading to decrease metal slurry
consumptions and non-dendrite structure was observed.

In addition, the shrinkage porosities of Semi Solid casting parts were decreases with both

increase gas pressure and optimum sold fraction.
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Mote that it is commonly believed (erroneously)
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| Solidifying
metal
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Microstructure and Mechanical Properties of Sn-Zn Alloys by
Gas Induced Semi-Solid Casting Process (GISS).
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Yai, Songkhla 90112, Thailand
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Abstract. The study aimed at development of mechanical properties to make a
comparison between Sn-50wt%2Zn and Sn-50wt%Bi were investigated by properly
design experiments, respectively, different mold temperature affecting the particle
size of Sn-50wt%zZn, mechanical properties and microstructure were developed by
GISS process, hardness test were used to compare both alloys. The results show that
mold temperature has an effect on the grain sizes and grain characteristics. Gas Induce
Semi-Solid (GISS) caused granular grains to affect the good mechanical properties.

Introduction

Tin is a materials that is widely used in the industry of manufacturing various
components such as electronic industries, food packaging and plastic industries, etc.
Tin commonly used rather additions of other elements to improve the mechanical
properties with a proper usefulness. The element that widely used to add for
improving mechanical properties of Tin is Tin-Bismuth (Sn-Bi) which is strength, but
brittle. Fracture properties of Sn-Bi in this research develop mechanical properties by
testing other element fillers where Zinc. Sn-Zn has a nearby mechanical properties
and microstructure with Sn-Bi, but it’s not brittle.

Gas Induced Semi-Solid (GISS) process is used for developing mechanical
properties and defect by releasing gas bubbles which increase strength, reduce
shrinkage, grain refinement [2] and made granular grains which increase mechanical
properties to be different from dendrite structure. Gas Induces Semi-Solid or GISS is
an interesting process invent by Wannasin J.[1] used in this research.

Experimental Methods

The Sn-based alloys (Sn-50wt%Zn) were prepared from high purity grade
metal, i.e., Sn (99.9 wt%), Zn (99.995 wt%). The experiment was divided into three
procedures. First, the alloys were melted in the resistance furnace at 430°C and pour
the liquid melting into aluminum mold of 10x10x1 cmq. at 430°C. The differences of
the mold temperature are shown in table 1, then Optical Microscope (OM) was used
for the microstructure of each condition. Second, the alloys were melted in the
resistance furnace by Gas Induced Semi-Solid (GISS) casting process. The conditions
are shown in table 4. After that, the alloys were poured into aluminum mold
temperature at 50°C by using OM for the microstructure of each condition. Third,
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Vickers hardness test was used to compare between Sn-50wt%Zn alloys and Sn-
50wt%Bi alloys (commercial) used load 60 HV 5.

Table.1 The conditions of Sn-50wt%Zn alloys.

Alloys Mold Temp (°C) Pour Temp (°C)
CLC 50 430
Sn-50%2Zn 100 430
200 430
Table.2 Process conditions for the GISS rheocasting process
Alloys Rheocasting time (s) Pour Temp (°C)
1
Sn-50%2Zn 3 430
5

bubbles

Fig.1 Schematic diagram of the GISS technique [1]. Fig.2 Aluminum mold

Results
The microstructure of CLC Sn-50wt%Zn alloys in table.1 was showed in Fig.3

Sn-50%2Zn
Mold Temperature (°C)
| 100 | 200

Fig.3 The microstructure of CLC Sn-50wt%Zn alloys at difference mold temperature.
The graph (Fig.4) shows the relationship between mold temperature (°C) in x-
axis and particle sizes (um) in y-axis. The grain sizes were larger when increasing
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mold temperature. So the mold temperature at 50°C has smaller grains than other
temperature. Small grains have better mechanical properties [2] than large grain sizes.

15
10 -
5 ____,/
. . .
0 100 200 300

Particle Size (um)

Mold Temperature (°C)

Fig.4 Average particles size of CLC Sn-50wt%Zn alloys at difference mold
temperature.

Fig.5 The microstructure of CLC Sn-50%2n alloys at 50°C (a) 5x, (b) 20x and
(c) 50x

Fig.6 shows the comparison of microstructure of GISS process in each
condition of Sn-50wt%zZn alloys at 50°C that measured the porosity. The results are
shown in Fig.7., when spending rheocasting time for 5 second. The porosity was less

than others that affecting mechanical properties.

(a) (b) (c)
Fig.6 Representative microstructure showing the condition of Sn-50wt%Zn alloys
different rheocasting time: (a) 1 sec (b) 3 sec and (c) 5 sec
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Fig.7 Average area fraction (%) of SSM Sn-50wt%Zn alloys at difference
rheocasting time.

The average values of the hardness, of Sn-Zn alloy with 50 weight% were
19.2, 19.4, 19.7, 19.4 and 19.9 HV, respectively. In addition, those of Sn-Bi alloy
were 18.8, 19.3, 17.1, 20.5, 19.5 HV, respectively. Sn-Zn alloy has greater hardness
average values and uniform hardness in each area than those of the Sn-Bi.

Conclusions

The present paper aimed to study the effects of Sn-50wt%Zn alloy prepared by
GISS process that could increase mechanical properties when compared with Sn-
50wt%Bi alloy (commercial). The results showed that:

1) Mold temperature has an effect on the grain sizes and grain characteristics.
2) Higher mold temperature made larger grain sizes.
3) Gas Induce Semi-Solid (GISS) caused granular grains to affect the good
mechanical properties.
4) Sn-Zn alloys has greater hardness average value and uniform hardness in
each
area than those the Sn-Bi alloys.
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