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ABSTRACT

Metal is an element that cannot be separated from human life. Almost all of human activities includes metal
element in it. Metals can be formed through several ways, one of which is metal casting. Metal casting is
one of technique in producing products where the metal was melted in crucible and then poured in a
moulding which is similar to the original shape of the product. Moulding that are commonly used are sand
moulding. Commonly, binder which used in sand casting process is bentonite. Bentonite, was kind of
mineral which can be run out during its usage. This study aimed to analyse the alternative binder to reduce
the usage of bentonite. This study analysed the using of clamshell as the mixture of moulding sand against
the hardness, quality and fluidity of Al-Si casting result. The highest hardness value was found at the
specimen with the mixture of 11% clamshells with an average hardness value of 122.96 HV. The highest
value of fluidity also presented in the specimen which used mixture of 11% clamshells that resulted the
length of specimen at 789 mm. Based on the analysis of casting defect showed that specimen which used
5% clamshells had the fewest and the smallest defect compared the other specimens.
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I. Introduction

Metal is an element that can not be separated from human life. Almost all of human activities are
always include metal element in it. Metal can be formed in several ways, one of which is metal
casting. Metal casting is one of technique in making product where the metal melted in crucible then
placed in a moulding which is similar to the original shape of product. The technique in metal
casting is one of method that is able to apply the knowledge and skill about metal into a useful
product, through the recomposition of the various metals into an alloy in order to obtain product
with the desired properties, in which the process of forming the workpiece through the process of
metal casting [1].

Metal casting involves two separate activities. The first activity is the manufacture of patterns
and prints. While the second activity is controlling the composition of melted metal, pouring and
inspection of casting product [2]. Generally, material that used in metal casting is Al-Si (aluminum-
silicon). In this study, the moulding which used in sand casting using bentonite as binder then will
be mixed with the other material, that is clamshells. Nowadays, the use of clamshells is still limited
as material for ornaments, cosmetics and animal feed.

Clamshell can be used for a mixture of paving blocks and concrete. Because the clamshells can
be utilized as the mixture of paving blocks and concrete [3], it is possible to be used for the mixture
of sand moulding as binder . The casting result is also influenced by many factors. The defects in
casting product which is often found in aluminum alloy are pinhole, dros, and shrinkage cavities [4].
The quality of metal castings also influenced by the fluidity, if its fluidity is lower, the metal will
freeze before filling the cavity which has been created. The flow of molten metal is primarily by the
viscosity and the roughness of moulding surface [5]
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The specimen of casting result is characterized by using optical microscope to obtain micro
photograph. Microhardness tester was originally only performed for small component, but now, is
developed for studying the phase, orientation effect in single crystal, diffusion gradient, symptoms
of aging, and so on metallic and ceramic material [6].

The hardness of casting product is something that must be considered in casting process.
Hardness is the resistance of material againts plastic deformation in local area and surface of
material. Plastic deformation is condition in material which is given force when the microstructure
of the material does not return to its original shape (irreversible). There are several ways to do
hardness testing, namely: (1) Brinell, (2) Rockwell, (3) Vickers, (4) Knoop [7].

1.  Methodology

This study used pre-experimental research design using model of the one-shot case study. The
control variables in this study are the level of water content at 5%, 2% bentonite and Al-Si alloys.
The first step was preparing the piston waste piston as the base material, then preparing the
clamshells in the form of powder. Then create three variations of sand moulding with several
composition, they were: (1) 88% silica sand, 5% clamshells powder 5%, (2) 85% silica sand and 8%
clamshells powder, (3) 82% silica sand and 11% clamshells powder. Each variation given water and
bentonite with concentration of 5%. Casting moulding that used in this study was using the type of
dried moulding with fluidity pattern used was Birmingham pattern [8]. Piston waste was melted in
the furnace as much as 4 kg for 1 hour. The melted piston waste poured into sand moulding that
had been mixed with clamshell powder, the cooling process using air media. After that, the
measuring of specimen by using steel ruler.

I1l.  Results and discussion

A. Hardness Testing

Hardness testing was conducted by using Micro Vickers hardness tester. The scale which used
was HV (Vickers Hardness) with penetration diamond pyramid style, with the load of 300 gf and
dwell for 10 seconds [9]. Hardness testing aimed to determine the effect of the clamshell powder on
sand moulding against the hardness of Al-Si alloys.

Based on the results of hardness testing in Figure 1, could be seen the hardness level of casting
product with variation of 11% clamshell had the highest hardness value than the others variation
with value of 122.96 HV. The variation of 8% clamshell was second rank with hardness value of
110.22 HV. While the variation of 5% clamshells was specimen with the smallest hardness value at
110.18 HV. The hardness level of casting results was closely related to the chemical bonding of
material [10].

B. Casting Quality Result

1) Visual observation

There was defect in every casting process. The defect product consisted of various types and
different causes. Many factors caused casting defect [11]. One of them was the permeability of the
moulding.
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According to the casting result in Figure 2, the specimen which using 5% clamshells had the
fewest casting defect compared with other variations. The variation with used 8% clamshells and
11% clamshells had the same number of defects. There were a lot of wrong flow, the molten metal
did not fill the expected pattern. This could happen due to the cope and drag that did not close
tightly, so that there was slight gap which molten metal placed in.

C. Macrostructure

Figure 3 showed the macro photos of specimens. Macro photo testing aimed to see the spread of
the cast defects on the surface of the specimen.
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Fig. 2. The Casting Results of Al-Si Using Clamshell Variation
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Fig. 3.Macro Photos of Al-Si Surface Using Clamshells Variations
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Based on the results that showed in Figure 4, the specimen with variation of 11% clamshells had
the fewest smallest cast defect when compared with other specimens, there were found + 12 pinhole
defects and + 10 open grain structure defects. The data obtained from macro photos showed that
specimens with variation of 5% clamshells had + 33 pinhole defects, and also + 22 pieces open grain
structure defects, so that the specimen was seen the worst among the other. While specimen with
variation of 8% clamshells had + 33 pinhole defects and + 18 open grain structure defects.

D. Microstructure

Microstructure of Al-Si was taken to understand the matrix of Al-Si that formed and castings
defects which was not visible through testing tool micro photograph with magnification up to 881
times.

According to the micro photos that showed at Figure 4, could be understood that variation that
used 5% clamshells was rich of Aluminum (Al) grain or Al matrix was more dominant than the
Silicon (Si) grain. These results were also related to the hardness level of Al-Si alloy, because the
variation of 5% clamshells had the lowest hardness value. The variations with 8% clamshells was
dominated with the matrix of silicon (Si). Aluminum (Al) was also seen as grain boundary of silicon
(Si), although it did not look conspicuous. While the variations of 11% clamshells showed that the
deployment of Si was more evenly, this was also affected its hardness value. Al-Si with this
variation had the highest hardness value among others.

E. Fluidity Testing

Fluidity was the ability of liquid metal to flow into the moulding. The pattern that was used in
this study followed the principle of Birmingham that used plates with different thicknesses [12],
[13]. Fluidity test was conducting by observing at the size of casting product. Figure 5 showwd the
results of total length of specimen with clamshells variation of 5%, 8% and 11%.
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Fig. 4.Microstructure of Al-Si Using Clamshell Variation
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IV. Conclusion

According to hardness testing, the highest average value of hardness was obtained by the
specimen with variation of 11%, with the hardness value of 122.96 HV. Visual observation of each
specimen was found that there were several defects in this casting process such as air cavity,
shrinkage, mould loss and wrong flow. The results of macro photos with variation of 11% clamshell
showed that this material had the fewest defect. The highest fluidity was obtained in the specimen
with variation of 11% clamshell that proved by its total length that was 789 mm.
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