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Abstract. Stir casting method has been widely known to produce Aluminum matrix composite
(AMC). Fluidity is a critical parameter to determine casting component with free of defects,
especially for thin wall part. This study aimed to analyze fluidity and mechanical properties of
AMC. Analysis of fluidity of molten metal was performed using a carbon steel spiral
permanent mold. Moreover, hardness and density are characterized to investigate of additional
reinforcing phase. Experiment results show that the fluidity length of AMC melts increase with
the additional percentage of SiC particulate. Furthermore, hardness and density result show
maximum hardness is obtained in a maximum composition of SiC particulate. Analysis
morphology using SEM revealed that the failure mode of fracture is the combination of ductile
and brittle mode.

1. Introduction

Aluminum matrix composites (AMC) are combination two or more materials with aluminum alloys as
matrix composite which are designed for specific purpose. AMC development is expected to fill the
requirement of structural components that cannot be filled by conventional materials, especially
components in extreme conditions. The combination of metals and ceramics in the fabrication of
AMC is expected to produce superior material for advanced industrial applications.

In aerospace and automotive industry, weight reduction of a component is a classic issue in term of
cost saving. Ductility and toughness properties of Aluminum alloy properties are suitable to
combining with Silicon carbide properties which is excellent high strength and high modul@to fill the
advance industry requirements. Fabrication of AMC can be classified into thre@fpe; liquid state
process, solid-state process and liquid-solid process. Stir casting method is one of liquid state process
which is the simple and least expensive to produce components [1]. In stir casting method,
reinforcement material commonly in powder shape is mixed with molten metal using stirrer to obtain
homogeny distribution of reinforcing phase in molten metal. Mechanical properties of AMC casting
product with some reinforcement such as alumina and SiC have been reported. In the certain
composition of reinforcement has significant contribution for mechanical properties of casting product
[2-4].

In aerospace and automotive industry, components with thin wall can be observed easily.
Fabrication complex shape component such as thin wall component with casting route should consider
the fluidity properties of molten metal [5]. In foundry environment, definition of fluidity or mold-
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filling ability is ge ability of molten metal to flow to fill the narrow space in the mold before it
freezes.

Fluidity is one of critical parameter in casting to produce casting part with free of defects especially
for casting method rely on gravity force. Fluidity of molten metal can be determined many factors
such as pouring temperature, mold temperature, weight percentage, type of composition and
homogeneity of particle distribution [6-8]. Generally, measurements of fluidity properties were
conducted using the vacuum fluidity and the spiral tests with distance of flow metals before freezing
as indicator measurement.

Normally, maximum value of fluidity properties is achieved on pure metal or eutectic composition
which is related to the solidification structures [9, 10]. This behavior is in line with Al-Zn binary
alloys fluidity as shown on the Figure 1.
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Figure 1. Fluidity of Al-Zn alloys as a function of Zinc levels with pouring temperature 700 °C [11]

Al-Zn binary alloys fluidity at a given pouring temperature initially decreases rapidly as the amount
of zinc element increases. Fluidity of Al-Zn increases again as the alloy composition approaches the
eutectic point. Moreover at near eutectic point fluidity of Al-Zn increase significantly. Flemings [12]
has derived theoretical model prediction for monolithic alloy fluidity as

Ly = [ bl ] H + CAT
F = 2h (T, - T, ( )
where ;
L, - Bhgth of fluidity
: density of the solid alloy
: radius of the spiral fluidity channel
: velocity of the fluid
: latent heat of fusion
: heat capacity
: superheat of the melt
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Based on theoretical models developed by Flemings many of the factors that determine the length of
fluidity result. This equation can be expanded to predict the composite material by modifying the
density, heat capacity variable and latent heat of fusion [13].

Measurements of fluidity length of composite aluminum alloy with reinforcing ceramics have been
conducted by previous author [7, 14-16]. Their result show that fluidity properties of composite
aluminum alloy has strong correlation with the additional of type, sizes of reinforcing particle.
Moreover parameter process such as pouring temperature and holding time also has strong
contribution to determine length of fluidity.

Aluminum matrix composites composition play important role to influence of fluidity value which
is responsible to avoid defect formation on cast parfgSignificant composition change when reinforcing
phase is added to the molten aluminum alloy. This present study aimed to investigate the effect of SiC
addition on the fluidity and mechanical properties of the Al-Zn alloy.

2. Experimental Method

In this study, Aluminum matrix composites (AMC) sample was fabricated using stir casting with
Silicon Carbide (SiC) as reinforcing phase. Silicon carbide (SiC) is categorized as ceramic material
comprising to carbon and silicon which is melting point at temperature 2830 °C. Al-Zn was utilized as
matrix material with chemical composition as shown on Table 1. SiC with various composition (5, 10
15 and 20 wt %) was mixed into the molten metal during stir process was performed. Stirring process
is necessary to avoid particle segregation due to the density difference between matrix and reinforcing
phase [17]. In this work, the melt was stirred using blade which was connected to electric motor.
Stirring speed of blade was adjusted on 350 rpm with stirring time 3 minute. The melt of molten metal
of Al-Zn with reinforcing phase was poured at temperature 750 °C into the spiral permanent mold. K-
type thermometer was utilized to measure temperature of the melt before pouring was conducted.
Analysis of fluidity of molten metal was performed using a carbon steel spiral permanent mold as
shown on the Figure . Moreover, effects of additional reinforcing phase on AMC are characterized in
term of hardness and density properties.

Table 1. Chemical composition of aluminium alloy used as the base material in this work.
elements Al Zn Cu |Fe |Pb |Ni |Ti Cr | Sn
wt % Reminder | 3.38 | 1.83 | 1.10 | 0.16 | 0.09 | 0.07 | 0.06 | 0.04

Figure 2. (a) The spiral permanent mold (b) spiral sand mold specimen
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3. Results and discussion
Fluidity of Al-Zn alloys with various percentage of Silicon Carbide (SiC) at temperature 750 °C as
shown on the Figure 3. AMC fluidity properties increase with the additional weight percentage of SiC.
Increasing significantly of was obtained before 10 wt% while after 10 wt% SiC the fluidity length tend
to plateau condition with additional percentage of SiC. At temperature above 740°C occurs reaction
between aluminum alloy with SiC resulting the formation of Al4C3 [13]. The additional of SiC into
aluminum melt is believed to increasing the amount of Al4C3 content in the melt which decreasing the
fluidity length.

During additional SiC into liquid aluminum alloy at melting temperature, solid fraction of
composite melt will increase which can be determined as

St=fp+fs(1fp)
where fs,t is the total solid fraction; fs is the matrix solid fraction; fp is the particle solid fraction. The

Increasing composite of solid fraction can decrease fluidity properties of the composite aluminum
alloy[ 15].
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Figure 3. Fluidity results of Al-Zn for various composition of SiC with pouring temperature 750 °C

1

Hardness value is ability of material resistant to plastic deformation plastic against indentation with an
applied load. In this work hardness measurement was conducted using Vickers hardness number
(VHN). Figure shows hardness result of AMC with pouring temperature 750 °C, hardness value tend
to increase linearly with the increasing reinforcing phase percentage. The significant hardness value
increasing was obtained between range 5 wt% until 10 wt% of SiC. After 10 wt% SiC composition the
hardness value of AMC increase gradually. In others world, SiC as reinforcing phase has significant
role to determine hardness properties of Al-Zn before composition of SiC 10 wt%.
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Figure 4. Hardness results of Al-Zn for various composition of SiC with pouring temperature 750 °C

The addition of SiC powder to liquid aluminum gives an increased density value of AMC. Figure 5
shows an increase in the value of linear density by increasing the number of SiC.
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Figure 5. Density results of Al-Zn for various composition of SiC with pouring temperature 750 °C
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;
Figure 6. SEM images of fracture surfaces of the AMC samples

Specimen was broken to analysis surface morfology cross section of AMC specimen which confjcted
using SEM images as shown on the Figure 6 . SEM observation shows that the failure of AMC due to
a combination of brittle fracture and dimple ductile fracture. Fracture britlle of AMC is indicated by
transgranular cleavage facet as shown on with red circle on the Figure 6. Some dimples have been
found on surface of the sample which are indicated ductile fracture as shown on yellow circle.
Moreover, SEM analysis revealed that inclusion was observed on microstructure of cast part.
Formation of inclusion on the cast part was believed due to stirring process result.

4. Conclusion

Effects of SiC particulate-reinforced @ the fluidity and hardness properties of Aluminum Matrix
Composite through stir casting route from the experimental results the following conclusions are
drawn: The fluidity length of AMC melts increase with additional percentage of SiC pfticulate, the
significant increase of fluidity length of was obtained before 10 wt% SiC particulate. The Vicker’s
hardness value of the composites increases with additional of SiC particles. SEM analysis on surface
morphology revealed that the failure mode of fracture is combination of ductile and brittle mode.
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