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Highlights:

e Aluminum composites were made using
waste materials like aluminum scrap and
rice husk ash (RHA) with an evaporative
casting method.

e Key factors such as composition, casting
temperature, and styrofoam thickness
affected properties like hardness and
porosity.

* The study shows that waste materials can be
used to create cost-effective and eco-
friendly composites for industry.

Abstract

To achieve environmental sustainability, the integration of waste materials into new production
processes is essential. This study investigates the development of aluminum matrix composites
(AMCs) reinforced with rice husk ash (RHA) using the evaporative casting method. This study
focuses on the effects of aluminum scrap-RHA composition, casting temperature, and styrofoam
pattern thickness on key physical and mechanical properties such as fluidity length, surface
roughness, hardness, and porosity. The composite material from aluminum scrap electrical cables
and rice husk ash was heated in a furnace at a temperature of 900 °C for 2 hours with a sieve size
of 200 mesh. The pattern material is styrofoam from electronic equipment packaging. The molding
sand used is local silica sand with a sieve size of 60 mesh. The melting furnace uses a crucible
furnace type with used oil as fuel. The independent variables were Al-RHA composition (100:0,
95:5, 90:10) %, pouring temperature (650 °C, 700 °C, and 750 °C), and Styrofoam pattern thickness
(1,2,3,4,5,6,and 10) mm. The results showed that the pouring temperature and the composition
ratio of AI-RHA affected the fluidity length, surface roughness, hardness, and porosity, showcasing
the potential of using waste materials in cost-efficient and environmentally sustainable composites
for various industries.

Keywords: Scrap AI-RHA composite; Evaporative casting; Physical Properties; Mechanical
properties; Fluidity

1.Introduction

In the manufacturing industry, the utilization of waste materials to produce new materials is
a crucial step toward sustainability [1], [2]. To enhance environmental sustainability, the use of
industrial and agricultural waste has become a primary focus in the development of new materials
[3]-[8]. Rice Husk Ash (RHA) is a by-product of rice milling rich in silica, abundant, and inexpensive
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[9]-[11]. The use of agricultural waste, particularly RHA, represents an innovative, environmentally
friendly solution in various industrial applications, especially in the development of aluminum
matrix composites (AMC). By incorporating RHA into composites, industries can reduce their
dependence on non-renewable conventional raw materials and minimize the amount of waste
generated from agricultural processes [12]. The integration of RHA into aluminum composites
aligns with the principles of the circular economy, where waste materials are transformed into
valuable resources [13]. RHA-reinforced scrap aluminum composites offer a promising solution as
they have the potential to reduce industrial waste while utilizing available resources. Using scrap
aluminum in this process not only promotes recycling but also helps reduce production costs and
environmental impact.

Innovations in composite production through evaporative casting offer environmentally
friendly alternatives, with the economic value of scrap holding a high potential for enhancing
environmental sustainability through the utilization of residual/waste materials. Evaporative
casting, also known as Lost Foam Casting (LFC), is a unique casting technique that uses patterns
made of styrofoam embedded in a sand mold. The styrofoam evaporates when molten metal is
poured into the mold, allowing the formation of complex components with tight tolerances and
minimal post-processing. The production of AI-RHA composites using this method offers
advantages such as fast processing time, practicality, energy efficiency, and waste reduction. By
reducing the waste produced from traditional casting processes and utilizing materials that are
typically considered useless, this method supports the principles of the circular economy [14]. This
process reduces energy consumption since it does not require intensive heating to remove the
pattern, which is often one of the main cost drivers in composite production [15]. The use of
styrofoam in evaporative casting offers significant economic benefits. Styrofoam is an inexpensive
and easily accessible material, which reduces overall production costs [16]. However, the challenge
lies in adjusting process parameters, such as pouring temperature and composition ratio, to
achieve consistent results with good surface quality and desired mechanical properties. In
evaporative casting, precise mold filling is critical to achieving the desired microstructure and
mechanical properties [17].

RHA is well-known for its high silica content, which has the potential to enhance the physical
and mechanical properties of composite materials, such as corrosion resistance, hardness, and
wear resistance. AA7075 aluminum reinforced with RHA particulates increased the tensile strength
and hardness [18]. The aluminum and RHA composition is a critical variable that affects the physical
and mechanical characteristics of the composite. The proportion of RHA in the aluminum matrix
can influence properties such as hardness and surface roughness, while the pouring temperature
affects the homogeneity of the mixture. Increasing RHA content tends to increase the surface
roughness, hardness, and porosity [19]. Therefore, the balance of scrap aluminum composition
with RHA needs to be optimized to achieve the desired mechanical properties without
compromising casting quality. However, the exact proportion must be determined to optimize
these benefits without increasing porosity or reducing the fluidity length resulting from the casting
process. Adding RHA to scrap aluminum is expected to improve hardness and reduce surface
roughness due to the reinforcing role of silica in the aluminum matrix.

Incorporating RHA into aluminum composites can also affect fluidity. RHA, as a particulate
material, can influence the flow characteristics of molten aluminum. The particle size and
distribution of RHA play a crucial role in determining the overall fluidity of the composite. Small
and well-distributed RHA particles can improve fluidity, while excessive or poorly distributed RHA
can hinder the flow [20]. The fluidity length of the composite is important for assessing the
material's ability to fill the mold during the casting process, which is directly related to the pouring
temperature and material composition. Findings suggest that increasing the pouring temperature
improves fluidity, allowing complex molds to be filled and resulting in better surface finishes [21].
The presence of RHA can also affect surface roughness. While RHA can enhance the mechanical
properties of the composite, its particulate nature can lead to increased surface roughness if not
evenly distributed. Studies show that achieving a balance between RHA content and pouring
temperature is crucial to optimizing surface finish [20]. The addition of hard RHA particles provides
a protective barrier against wear mechanisms [13], [22]. Ahmed et al. [23] demonstrated that
mechanical properties, such as hardness and corrosion resistance of aluminum alloys, can be
effectively modified by adding alloying elements such as Magnesium (Mg), Copper (Cu), and Zinc
(zn), which is analogous to the effects observed with RHA in aluminum composites. Studies have
shown that these composites can be effectively used in the manufacture of components such as
cylinder liners, pistons, and connecting rods, which require high wear resistance and durability
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[24]. The inclusion of RHA in the aluminum matrix can significantly improve the wear resistance,
which is very important for applications requiring high durability and toughness [25].

The mechanical properties of RHA-reinforced AMC make it suitable for applications in high-
performance environments, thus expanding its use in critical engineering applications [26]. The
high silica content in RHA not only contributes to hardness but also enhances the toughness of the
composite by providing better energy absorption characteristics during deformation. This is
particularly beneficial in applications where the material is subjected to dynamic loads, such as in
automotive and aerospace components [27]. The addition of RHA can also affect the porosity of
aluminum composites. While RHA can improve mechanical properties, higher RHA content can
lead to increased porosity due to poor compaction during processing. This highlights the
importance of optimizing RHA content to achieve the desired balance between mechanical
performance and porosity [20].

The pouring temperature during the casting process is a critical factor in determining quality
as it affects the microstructure of the resulting composite. Higher temperatures can facilitate a
more homogeneous mixture of RHA in aluminum, potentially increasing fluidity length and
reducing surface defects. Composites produced at higher temperatures exhibit superior
mechanical properties due to the reduction of defects and porosity in the final product [28], [29].
However, excessively high temperatures can lead to the formation of adverse microstructural
defects, such as hot cracking, which diminishes the composite's mechanical strength. Conversely,
too high a pouring temperature can cause the degradation of RHA, reducing its reinforcing
effectiveness. The optimal pouring temperature must be carefully controlled to balance the
benefits of increased fluidity and the preservation of reinforcing material properties [30], [31].
Temperature affects the solidification rate of the composite, which can alter the material's
toughness. Slower cooling rates, typically associated with lower pouring temperatures, can
enhance the toughness of the composite, leading to improved impact resistance. Lower pouring
temperatures can result in increased surface roughness due to incomplete mold filling and surface
irregularities [28], [29]. Conversely, rapid cooling can produce a more brittle microstructure,
reducing impact strength [29], [30]. Hardness and surface roughness are critical indicators of
mechanical performance, especially in applications requiring high resistance to abrasion and
mechanical stress. The pouring temperature affects the fluidity length, surface roughness,
hardness, and porosity of AI-RHA composites [19]. Higher pouring temperatures can reduce the
viscosity of molten aluminum, allowing trapped gases to escape more easily, reducing porosity.
However, if the temperature is too high, it can lead to excessive gas formation, resulting in
increased porosity [30], [31].

This research differentiates from previous studies by utilizing Rice Husk Ash (RHA), an
agricultural waste product, as a novel reinforcement in Aluminum Matrix Composites (AMC),
enhancing mechanical properties like hardness and corrosion resistance. It employs the
sustainable evaporative casting technique, or Lost Foam Casting (LFC), which allows for intricate
component shapes with reduced waste and energy usage, supporting circular economy principles.
The study emphasizes both environmental and economic sustainability by integrating low-cost
scrap aluminum and styrofoam, optimizing key parameters such as pouring temperature, RHA
concentration, and styrofoam pattern thickness to achieve the best balance between mechanical
properties and manufacturing efficiency. This meticulous optimization addresses challenges such
as porosity and surface roughness, expanding the potential applications of RHA-reinforced AMC in
high-performance industries like automotive and aerospace, which require materials that
withstand significant wear and dynamic loads. The novelty of this research lies in its integration of
Rice Husk Ash (RHA) with scrap aluminum using evaporative casting to produce cost-effective,
sustainable, and mechanically enhanced composites suitable for high-performance applications.

2.Materials and Methods
2.1. Materials

The materials used in this research include scrap aluminum and RHA as the composite alloy
composition, recycled styrofoam from electronic packaging as the pattern, and silica sand as the
mold material in the casting process. The mold frame was made from plywood. Scrap aluminum
from electrical cables was sourced from scrap collectors in Banjarbaru, South Kalimantan. The
electrical cables were cleaned of contaminants and then cut into 20 cm lengths (Figure 1a and Figure
1b). The rice husks were purchased from a rice mill in Martapura, South Kalimantan. The styrofoam
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Figure 1. j

The materials used in
this study: (a) Electrical
cable before cuting, (b)

Electrical cable cut to

20 cm; and (c) Silica
sand

Figure 2. 5
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was obtained from recycled electronic packaging at the Faculty of Engineering, Lambung
Mangkurat University, Banjarbaru City. The silica sand was purchased from a sand seller in
Martapura, South Kalimantan. The sand was cleaned of impurities and then sieved to pass through
a 60-mesh screen (Figure 1c).

2.2. Preparation of RHA

The rice husks (Figure 2a) were cleaned of impurities and then subjected to combustion at
around 400 °C for 1.5 hours, resulting in black ash (Figure 2b). The combustion temperature was
measured with a Benetech infrared thermometer, model GM1850, with a temperature range of
200-1850 °C. The ash was then ground and sieved to pass through a 200-mesh screen. The ash was
subsequently heated in a furnace at 900 °C for 2 hours, resulting in white ash (Figure 2c). The
furnace used was a B-ONE model BFNC-2012 with a temperature range of 200—1200°C. This white
ash was used as the reinforcing material in the aluminum matrix composite.

Rice husk ash (RHA); (a) &=

Rice husks, (b) Rice #
husks after burning at
400°C, (c) Rice husk ash }

after heating at 900°C

for 2 hours

2.3. Pattern and Mold Frame Preparation

In this evaporative casting process, the pattern material for the product specimens was made
from recycled styrofoam from electronic packaging (Figure 3a). The styrofoam was cut (Figure 3b)
using an electric cutter into sizes (thickness x width x length) as follows: (1) 1 x 10 x 40 mm, (2) 2 x
10 x40 mm, (3) 3x 10 x40 mm, (4) 4 x 10 x 40 mm, (5) 5x 10 x 40 mm, (6) 6 x 10 x 40 mm, (7) 10
x 10 x 40 mm, and (8) 20 x 20 x 40 mm. The standard used in making patterns to measure fluidity
using the Qudong Wang Method. This method has the advantage that the 8 existing grooves will
get the same distribution of liquid metal flow because the down channel is in the middle of the
mold [32]. The styrofoam pieces were then assembled with foam glue into the planned pattern
(Figure 3c). The mold frame (Figure 3d) was made of plywood and used to hold the sand in place
during the pouring of molten metal into the mold.
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2.4. Experimental Procedure

The experimental procedure involved melting aluminum in a crucible furnace with varying
pouring temperatures (650 °C, 700 °C, and 750 °C). The molten aluminum was then mixed with
RHA at ratios of 100:0%, 95:5%, and 90:10%. The mixture was stirred at 150 rpm for 20 minutes to
ensure homogeneous distribution of RHA particles in the aluminum matrix. The Al-RHA mixture
was then poured into a styrofoam pattern embedded in silica sand. The pattern thickness varied
(2 mm, 2 mm, 3mm, 4 mm, 5 mm, 6 mm, and 10 mm). The shape and size of the styrofoam patterns
are shown in Figure 3a When the molten metal was poured into the mold with the styrofoam
pattern embedded in the sand, the styrofoam burned off, allowing the mold cavity to be filled,
resulting in the desired shape. The composite was left to solidify in the mold for 30 minutes, after
which it was removed, cleaned, and prepared for testing and further analysis.

2.5. Energy Dispersive X-Ray Spectroscopy (EDX) Testing on Scrap
Aluminum and RHA

Figure 4a and Table 1 show the results of EDX testing, which presents the X-ray intensity
spectrum generated by each element in the sample. The highest intensity peak corresponds to the
energy associated with aluminum (Al K = 82.9% by weight), indicating that aluminum is the main
element in this sample. Smaller peaks indicate the presence of oxygen (O K = 14.6% by weight),
and very small peaks indicate the presence of iron (Fe K = 2.5% by weight).

Figure 4b and Table 2 show the EDX test results for RHA, displaying the X-ray intensity spectrum
generated by each element in the sample. The highest intensity peaks correspond to oxygen (O K
= 63.6% by weight) and silicon (Si K = 35% by weight), indicating that these two elements are the
main components of the material. Smaller peaks are seen for magnesium (Mg K = 0.4% by weight)
and potassium (K K = 1.0% by weight), indicating their presence in smaller amounts. The EDX testing
device used was the FEI, Model: Inspect-S50 (FEI Company-United States).

The difference between weight percent and atomic percent in the context of these tables
relates to how the composition of elements in a material is quantified. Weight percent (wt%)
indicates the fraction of the total mass of the sample contributed by each element. This measure
shows what portion of the total weight of the compound is made up of each constituent element.
While atomic percent (at%) represents the fraction of the total number of atoms contributed by
each element. This measure shows the proportion of atoms of each element in the sample
compared to the total number of atoms.
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Energy dispersive X-Ray
spectroscopy (EDX) on
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OK 63.6 75.6
Mg K 0.4 0.3
Si K 35.0 23.7
KK 1.0 0.5
Element Weight (%) Atomic (%)
OK 2.7 4.5
Al K 97.3 95.5

2.6. Composite Testing

Fluidity length, surface roughness, Brinell hardness (HB), and porosity were measured using
standard testing methods. Fluidity length, surface roughness, Brinell hardness (HB), and porosity
were measured using standard test methods. fluidity length is measured as the maximum distance
of the molten metal traveled to fill the mold cavity before solidifying. The fluidity length is
measured with a caliper from the boundary channel to the maximum length of the fully formed
product. The method in the fluidity test uses the Qudong model. This method can not only measure
the fluidity length but can also measure the effect of different mold cavity thicknesses. This method
has the advantage that the 8 existing grooves will get the same distribution of molten metal flow
because the descending channel is in the middle of the mold [32].

Surface roughness testing is based on ASTM D441 Method C standard, where the test uses a
Krisbow type KW 06-303 surface roughness tester. Composite hardness testing uses a MITECH
MH600 brand hardness tester with a Brinell (HBN) scale ASTM E8 standard. The percentage value
of porosity is carried out using a pycnometer test with the ASTM E 252-84 standard. Porosity is
assessed by measuring the density of the composite and comparing it to the theoretical density.
This is done by weighing wet and dry specimens and then calculating the percentage.
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3.Result and Discussion

This study tested the physical and mechanical properties of Aluminum composites with RHA
using evaporative casting techniques, including fluidity length, surface roughness, hardness and
porosity. Fluidity length and porosity were measured to determine the integrity and efficiency of
mold filling, while surface roughness and hardness were assessed to measure the ability and quality
of the composite finish. The results of surface roughness, hardness, and porosity tests are shown
in Table 3.

Al : RHA Pouring Surface Roughness Hardness Porosity
Composition (%) Temperature (°C) (um) (HB) (%)
650 6.56 24.7 3.7
100:0 700 9.97 24.9 5
750 10.84 26.3 2.7
650 8.80 27 3.7
95:5 700 10.71 27.4 2.3
750 10.96 27.8 3.7
650 9.36 28.2 1.7
90:10 700 10.87 29.6 1.3
750 10.99 29.9 1

3.1. Fluidity Length

Table 4 presents the results of the fluidity length test of aluminum (Al) and RHA composites
at various mixture ratios (100:0%, 95:5%, 90:10%), pouring temperatures (650 °C, 700 °C, 750 °C),
and styrofoam pattern thickness (1 mm, 2 mm, 3 mm, 4 mm, 5 mm, 6 mm, 10 mm). The composite
fluidity length graph is shown in Figure 5.

Al : RHA Pouring Pattern Thickness (mm)
Composition (%) Temperature (°C) 1 2 3 4 5 6 10
650 157 4250 5520 81.56 90.20 143.30 176.67
100:0 700 250 5620 80.20 93.50 101.7 158.19 182.06
750 267 5640 86.70 104.25 13525 170.21 205.00
650 167 4850 5805 9250 100.85 151.70 181.14
95:5 700 267 56.20 8330 105.15 107.15 162.30 185.23
750 393 56.80 g7.26 108.67 143.67 175.08 205.50
650 182 5030 6032 9020 110.08 150.16 186.04
90:10 700 274 5670 83.23 103.45 11850 173.25 192.60
750 420 56.05 8932 108.3 142.67 195.33 210.25

Based on Table 4 and Figure 5, the test data show the fluidity length of scrap aluminum and
RHA composites produced using the evaporative casting method. Several key factors appear to
influence the fluidity results of this composite. The following is a systematic and comprehensive
analysis of the effects of pouring temperature, Al-RHA composition, and styrofoam pattern
thickness. The pouring temperature affects the fluidity length, surface roughness, hardness, and
porosity of Al-RHA composites [19]. The fluidity length of the composite increases with the pouring
temperature for all compositions and pattern thicknesses. For example, at a 100:0 composition
with a pattern thickness of 6 mm, the fluidity length increased from 143.3 mm at 650 °C to 158 mm
at 700 °C and 170 mm at 750°C. This indicates that the viscosity of the molten metal decreases as
the pouring temperature increases, allowing the molten metal to flow further before solidifying.
The findings suggest that increasing the pouring temperature improves fluidity, allowing complex
molds to be filled and achieving a better surface finish [21]. At higher temperatures, the material's
viscosity tends to decrease, enhancing the material's ability to flow into the mold. Conversely, too
low a temperature can increase viscosity, resulting in difficulty filling the mold optimally [33]. Good
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Figure 5.

Fluidity length of the
aluminum (Al) and RHA
composite at different
mix ratios, (a) 100:0%,
(b) 95:5%, (c) 90:10%
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a| fluidity ensures that the mold is evenly filled,
reducing the likelihood of defects such as
porosity and voids.

With the addition of RHA (from 0% to
10%), the fluidity length generally increased
at the same pouring temperature and
pattern thickness. For example, at a pouring
temperature of 750 °C and a pattern
thickness of 6 mm, the fluidity length
increased from 170 mm at 100:0%
composition to 175 mm at 95:5% and to 195
mm at 90:10%. This indicates that adding
RHA enhances the fluidity length. RHA may
affect the thermal properties of the mixture,
such as thermal conductivity and heat
capacity. If RHA reduces the thermal
conductivity of the mixture, this could cause
the molten metal to retain its temperature
for a longer period, thereby reducing the
freezing rate during casting, which indirectly
increases fluidity. Incorporating RHA into
aluminum composites can also affect fluidity.
As a particulate material, RHA can influence
C | the flow characteristics of molten aluminum.
Small and well-distributed RHA particles can
improve fluidity, while excessive or poorly
distributed RHA can hinder flow, leading to
defects in the final casting [29].

The thickness of the styrofoam pattern
plays a crucial role in determining fluidity
length. As shown in Figure 6, fluidity length
increases with the pattern thickness across
all compositions and pouring temperatures.
For example, at a 100:0 composition and a
pouring temperature of 650 °C, the fluidity length increased from 0 mm at a 1 mm pattern thickness
to 196.67 mm at a 10 mm thickness. This can be interpreted as thicker patterns allowing slower
temperature reduction during the pouring process, providing more time for the molten metal to
flow before the styrofoam pattern fully decomposes. Conversely, thinner patterns accelerate the
solidification of molten metal, reducing fluidity length because the material does not have
sufficient time to flow completely before solidifying. In fluidity studies on A356 aluminum alloys in
the lost foam casting process [34], results showed that thickness variation could affect the fluidity
behavior of the alloy.

There is a clear interaction between pouring temperature, composition, and pattern
thickness. Higher temperatures generally mitigate the negative effects of RHA addition on fluidity.
At larger thicknesses, the reduction in fluidity caused by the addition of RHA seems to be more
moderate. For example, at a 10 mm thickness and a pouring temperature of 750 °C, the fluidity
length for the 90:10 composition was 255 mm, indicating that under these conditions, the molten
metal was still able to flow well despite the higher RHA content.

The fluidity length of the composite increases with the pouring temperature for all
compositions and pattern thicknesses. For example, at a 100:0 composition with a pattern
thickness of 6 mm, the fluidity length increased from 143.3 mm at 650 °C to 158 mm at 700 °C and
170 mm at 750 °C. This indicates that the viscosity of the molten metal decreases as the pouring
temperature increases, allowing the molten metal to flow further before solidifying. The findings
suggest that increasing the pouring temperature improves fluidity, allowing complex molds to be
filled and achieving a better surface finish [21]. At higher temperatures, the material's viscosity
tends to decrease, enhancing the material's ability to flow into the mold. Conversely, too low a
temperature can increase viscosity, resulting in difficulty filling the mold optimally [31]. Good
fluidity ensures that the mold is evenly filled, reducing the likelihood of defects such as porosity
and voids.
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Figure 6.
Surface roughness for
Al-RHA composites

Figure 7.
Hardness for AI-RHA
composites
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3.2. Surface Roughness

Figure 6 shows the graph of surface
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RHA composites at different mix ratios

E
‘312 T (100:0%, 95:5%, 90:10%) and pouring
2 6 temperatures (650 °C, 700 °C, 750 °C).
Z 4 FoOew Based on the data presented in Table 3
e 2 and Figure 6, the test results on surface
“mg 0 1000 oo s0:10 roughness of scrap aluminum RHA
Al:ASP Composition (%) composites indicate several trends and
patterns that can be analyzed based on

== 550°C 700°C 750°C

the influence of pouring temperature
and material composition.

Increasing the pouring temperature leads to increased surface roughness. For instance, for
the 100:0 composition, surface roughness increased from 6.56 um at 650 °C to 9.97 um at 750 °C.
This can be explained by the fact that at higher temperatures, the molten metal has lower viscosity,
allowing it to flow more rapidly and fill the mold; however, this can also increase turbulence,
leading to greater surface defects. Higher temperatures may also influence the cooling rate, which
can affect the formation of microstructures and result in surface roughness or porosity as the metal
solidifies. However, too high of a pouring temperature can cause oxidation or other surface
imperfections, negatively impacting surface quality [17], [20].

Adding RHA tends to increase surface roughness overall. For instance, at a pouring
temperature of 750 °C, surface roughness increased from 9.97 um at a 100:0 composition to 10.99
pm at a 90:10 composition. This suggests that RHA particles may not disperse evenly in the
aluminum matrix or may cause heterogeneity during solidification, both of which could lead to
increased roughness. RHA particles may also act as nucleation sites for the formation of pores or
cause inclusions that increase the composite's surface roughness. Although RHA can enhance the
composite's overall mechanical properties, its particulate nature can lead to increased surface
roughness if not evenly distributed [35]. Studies have shown that a balance must be achieved
between pouring temperature and RHA content to achieve optimal surface finishes.

There is an interaction between pouring temperature and AI-RHA composition. Higher
pouring temperatures exacerbate the effect of increased RHA on roughness. At high temperatures,
the impact of RHA addition on surface roughness becomes more significant. This may be because,
at higher temperatures, the interaction between RHA particles and the aluminum matrix increases,
further affecting the composite's surface quality. Compositions with higher RHA content are more
sensitive to changes in temperature than composites consisting solely of aluminum, suggesting
that RHA may alter the matrix's physical properties, affecting flow and solidification behavior. From
the analysis of the test data, pouring temperature and RHA composition significantly impact the
surface roughness of AI-RHA composites. Research shows that balancing RHA content and pouring
temperature is crucial for optimizing surface finish [20], [29]. Increasing pouring temperature
generally raises surface roughness, while adding RHA further increases roughness, particularly at
higher temperatures.

~~~~~~~~~ Linear (650°C) Linear (700°C) Linear (750°C)

3.3. Hardness

Figure 7 shows the graph of
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Komposisi AL:ASP (%) aluminum and RHA composites, several
patterns can be identified regarding the
effects of pouring temperature and
material composition on hardness (HB).
Hardness increases with higher pouring temperatures for all compositions. The higher the pouring
temperature, the harder the material tends to become [36]. For example, in the 100:0 composition,
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hardness increased from 24.7 HB at 650 °C to 26.3 HB at 750 °C. This increase can be attributed to
changes in the microstructure resulting from higher pouring temperatures, which may cause faster
cooling or other changes in crystal morphology. Higher pouring temperatures may facilitate the
formation of finer microstructures, which are associated with increased hardness [37], [38].
However, excessive pouring temperatures can degrade RHA, reducing its reinforcing capability
[35].

Adding RHA consistently increases the composite's hardness at each pouring temperature
tested. For example, at a pouring temperature of 750 °C, hardness increased from 26.3 HB at a
100:0 composition to 29.9 HB at a 90:10 composition. This indicates that RHA acts as a
reinforcement in the aluminum matrix, likely increasing the material's resistance to plastic
deformation due to the dispersion of RHA particles that strengthen the matrix. Composites with
higher RHA content show increased hardness, although there is a threshold beyond which further
RHA additions may not yield additional benefits [29]. Increasing RHA content in composites
generally enhances mechanical properties such as tensile strength, compressive strength, and
stiffness. This is due to the increased interaction between the polymer matrix and RHA particles,
which can improve load distribution within the material [33].

At a 100:0 composition, the increase in hardness from 650°C to 750 °Cis about 1.6 HB. Similar
increases are seen in the 95:5 and 90:10 compositions, with hardness increasing by approximately
1.1 HB and 1.0 HB, respectively, from the lowest to the highest temperatures. Adding RHA results
in @ more significant hardness increase than just raising the temperature. For example, changing
the composition from 100:0 to 90:10 at 650 °C increases hardness by 4.2 HB. This shows that RHA's
reinforcing effect is most effective at higher pouring temperatures, possibly due to better RHA
distribution and more optimal interaction with the aluminum matrix at higher temperatures. The
data indicate that both pouring temperature and RHA composition significantly and positively
impact the hardness of AI-RHA composites. Higher temperatures and the addition of RHA
effectively increase hardness, with RHA serving as a highly effective reinforcement in the aluminum
matrix. Increasing the temperature not only affects the morphological and crystalline properties
of the aluminum matrix but also facilitates better interaction between RHA and aluminum,
resulting in higher hardness.

3.4. Porosity

Figure 8 shows the graph of
v ='R1;85; ;364:667 porosity for the aluminum (Al) and RHA

6 =U. . . . .

. i composites at different mix ratios
g, yEDcts 0333 (100:0%, 95:5%, 90:10%) and pouring
= P R?=0.75 o o o
T3 g, temperatures (650 °C, 700 °C, 750 °C).
5 2 OB e Based.on the data presente.d in Table 4

1 R?= 0.9897 and Figure 9 on the porosity of scrap

0 . .

100:0 % 0559 00110 % aluminum and RHA composites, an
Al:ASP Composition (%) analysis was conducted to understand
the influence of pouring temperature
= 650°C 700°C 750°C . ars .
and material composition on composite
--------- Linear (650°C) Linear (700°C) Linear (750°C) . . . .
porosity. This is important because

porosity in composite materials can significantly affect mechanical properties such as strength,
hardness, and fatigue resistance.

The data show that the composite with a composition of 100:0% has a porosity level that
tends to be stable as the temperature increases from 650 °C to 750 °C. In contrast, the composites
with compositions of 95:5% and 90:10% show a decrease in porosity as the pouring temperature
increases from 650 °C to 700 °C, followed by an increase in porosity at 750 °C. In particular, the
graph for the 95:5% composition shows a sharper decreasing trend compared to the 90:10%
composition. This pattern indicates that adjusting the pouring temperature can significantly affect
the porosity of the composite, with the potential to optimize the quality of the composite through
proper control of the pouring temperature within the studied temperature range. Pouring
temperature plays an essential role in determining porosity levels. Higher temperatures can reduce
porosity by allowing trapped gases to escape more effectively during the casting process. However,
if the temperature is too high, it can lead to increased gas formation and subsequent porosity [35].
Excessive pouring temperatures can lead to the formation of gas, which increases porosity and
negatively affects the composite's mechanical properties [17], [38].
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With the addition of RHA (from 0% to 10%), composite porosity consistently decreases at
each pouring temperature level. For instance, at a pouring temperature of 750 °C, porosity
decreased from 2.7% at a 100:0 composition to 1% at a 90:10 composition. This may occur because
RHA particles act as reinforcements, improving distribution in the matrix and minimizing porosity
formation during solidification. Adding RHA can affect porosity; while it may improve mechanical
properties, higher RHA content can lead to increased porosity due to poor compaction during
composite powder processing [39]. This highlights the importance of optimizing RHA content to
achieve the desired balance between mechanical performance and porosity [29]. However, there
is a limit to increasing RHA content, where beyond a certain point, mechanical properties may
decrease due to reduced density and increased porosity. Increased porosity may result from the
evaporation of trapped water in the RHA or due to incomplete chemical reactions during the
casting process.

There is a clear trend of interaction between pouring temperature and composition: the
combination of higher temperatures and RHA addition results in the lowest porosity, indicating
that higher temperatures facilitate better distribution and integration of RHA into the aluminum
matrix, leading to a more compact structure with fewer voids. The data show that both higher
pouring temperatures and the addition of RHA positively impact the porosity of AI-RHA
composites. Increasing the temperature helps reduce porosity by improving the fluidity of molten
metal and its ability to fill the mold efficiently.

4. Conclusion

This study evaluated the effects of the composition ratio of scrap aluminum (Al) and rice husk
ash (RHA), pouring temperature, and styrofoam pattern thickness on the mechanical and physical
properties of the composites, such as fluidity length, surface roughness, hardness, and porosity.
The findings showed that pouring temperature and AI-RHA composition affected the fluidity
length, surface roughness, hardness, and porosity.

1. As the pouring temperature increased, the fluidity length and hardness of the composite
increased, while the porosity decreased. However, at a composition of 95:5, the porosity
decreases as the temperature increases from 650 °C to 700 °C, but increases again at a
temperature of 750 °C. Meanwhile, for the 100:0 composition, porosity increases as the
temperature increases from 650 °C to 700 °C but decreases at a temperature of 750 °C.
Increasing the pouring temperature also caused the surface roughness of the composite to
increase.

2. The addition of RHA to the aluminum (Al) matrix increased the fluidity length and hardness of
the composite. However, the addition of RHA also caused the surface roughness to increase,
while the porosity of the composite decreased.

3. The fluidity length increased with the increase in pattern thickness, at all variations of Al-RHA
composition and pouring temperature.
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