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Abstract. Al-SiC composites were prepared with variations of SiC addition of 0%, 10%,
15%, and 20% using the powder metallurgy method. The purpose of this study was to
determine the effect of SiC addition on Al matrix composites. The materials were
characterized in terms of density, porosity, hardness, X-Ray Diffraction (XRD), and
Scanning Electron Microscope (SEM). Based on the results of density, porosity, hardness,
it shows that the Al-SiC composite samples with SiC variations of 0%, 10%, 15% and 20%
have densities of 2.98 g/cm?, 3.16 g/cm?, 3.74 g/cm? and 3.23 g/cm’, while the porosity is
4.30%, 0%, 0% and 5.07%, and the hardness is 513 Hv, 528 Hv, 560 Hv, and 560 Hv,
respectively. XRD results show that the samples produced multiphase of Al, SiC and SiO».
SEM results show that the Al-SiC composite has a grain size of 1 - 8.50 um.
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1 Introduction

The development of materials technology in various industries continues to increase [1]. Many
researchers have continued to innovate to continuously improve material quality, where material
quality has important components such as strength, corrosion resistance, specific gravity, and
high-temperature resistance. An example of a good quality material is a composite [2].
Composites are materials formed from two or more materials that are heterogeneous on a
macroscopic scale [3-5]. Composite materials are valued for their flexible design capabilities,
lightweight, corrosion resistant, and durable [6,7]. Composite materials have been widely
applied and used in various fields such as the automotive industry, sports, transportation and
infrastructure, environmental engineering, electricity distribution, and others [8].

The classification of composite materials consists of matrix and reinforcement. The
reinforcement matrix can be classified into three types namely polymer matrix composites
(PMCs), ceramic matrix composites and metal matrix composites [4]. MMCs are a combination
of a metal matrix reinforced by another metal. MMCs have properties such as specific stiffness,
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specific strength, excellent corrosion resistance, wear resistance, and high modulus of elasticity
[9]. Some examples of metals that can be used as a matrix include Al, Mg, Cu, Fe, Ti, and others.
Al metal is one of the metals that can be used as a composite matrix, where Al has properties
and characteristics such as corrosion resistance and high thermal conductivity, making it very
suitable for various applications. Therefore, Al matrix in composites can be referred to as
aluminum matrix composites (AMCs) [10-12].

Aluminum matrix composites (AMCs) are an advanced class of composite materials. AMCs
have several advantages such as combine lightweight performance with high strength, stiffness,
and ductility, while also offering low thermal expansion, strong resistance to wear and creep at
elevated temperatures, and excellent corrosion resistance [13-15]. AMCs are widely used in
some industries, such as automotive, military, power and others. At present, many scientists
have paid more attention to the development of AMCs. In addition, the use of the type and
proportion of reinforcements also affects the properties and characteristics of Al composites
[16]. Reinforcement materials that can be used in AMCs can come from ceramics, carbon fibers,
glass fibers, and others. The incorporation of reinforcement enhances the physical and
mechanical properties of AMCs. Common ceramic particulate reinforcements include silicon
carbide (SiC), boron carbide (B4C), titanium carbide (TiC), Al,Os, and silica particles
(Si02)[17]. This is evidenced by the research conducted by Liu et al. (2019) on the fabrication
of MMC composites using Al as the matrix and AI203 as the reinforcement. The results show
that composites with AI203 reinforcement produce higher strength than pure Al composites,
namely yield strength and ultimate strength of 610 MPa and 784 MPa under quasi-static
compression [18]. The fabrication of MMCs can be done by several methods, namely stir
casting, in situ fabrication, powder metallurgy, squeeze casting, investment casting, and squeeze
casting [19-22].

Furthermore, the fabrication of AMCs using SiC matrix reinforcement for various applications
has been widely carried out. However, no specific research has been conducted to see the effect
and comparison regarding the properties and characteristics of AMCs when done before and
after the addition of SiC material as reinforcement. Therefore, we will conduct research on the
production of Al-SiC composites by powder metallurgy.

2 Research methodology

Al-SiC composites are manufactured by powder metallurgy. The raw materials used in this
research are aluminum (Al) and silicon carbide (SiC). The variations in sample composition
based on weight percent (%wt) are 95% Al and 0% SiC, 90% Al and 10% SiC, 85% Al and
15% SiC, 80% Al and 20% SiC. A total of 11.59 g, 13.5 g, 12.75 g, and 12 g of Al powder were
mixed with 0 g, 1.5 g, 2.25 g, and 3 g of SiC, respectively. Milling with HEM for 30 minutes.
The sample was formed using a hydraulic press with a weight of 8 tons and held for 1 minute.
The samples were then sintered at 650 °C for 1 hour.

Al-SiC composite samples were characterized by density, porosity, hardness, X-ray diffraction
(XRD) (XRD; PANalytical AERIS), and scanning electron microscope (SEM) (SEM-EDX;
PhenomProX Desktop). For density, it is done manually, namely using a caliper to measure the
diameter and height of the pellets, then recording the results of each 5 repetitions of each
measurement of diameter and height of the pellets, averaging each measurement of the diameter



and height of the pellets. Weigh the dry mass of the pellets and calculate the density by dividing
the pellet mass and volume. For porosity, weigh the mass of oven-dried pellets. Soak the pellets
in water for 24 hours. After soaking, weigh the pellets to find the wet mass value and calculate
the porosity value by subtracting the wet mass value from the dry mass value. then divided by
the dry mass value and multiplied by 100%. To measure the hardness of the pellets use a
Durometer type Shore D tool, do five repetitions then take the average of the repeated
measurements, then convert the hardness value into Vickers hardness (HV).

3 Result and discussion

3.1 Density and porosity

The characterization to find the value of density and porosity in the CAl-SiC composite sample
can be shown in Figure 1.
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Fig. 1. Correlation between density and porosity in Al-SiC composite samples.

The results of the density and porosity values in the Al-SiC sample shown in Figure 1. The
addition of 0% SiC to the Al composite results in density and porosity values of 2.98 g/cm? and
4.30%, respectively. The large porosity value indicates that the sample still has voids in the
material or the density of the material is not maximized. In the addition of 10% and 15% SiC,
it shows an increase in the size of the density value, which is 3.16 g/cm? and 3.74 g/cm’,
respectively, and the porosity produced is 0%. The increase in the density value indicates that
the density of the AI-SiC composite has increased to the point where there are no empty voids.
Thus, it can be said that the addition of SiC can increase the density value of the material and
reduce the porosity. However, the addition of 20% SiC to the Al composite shows a decrease in
density and an increase in porosity, which are 3.23 g/cm? and 5.07%, respectively. This decrease
in density and increase in porosity can be caused by the sintering temperature used not being
suitable for the addition of higher SiC, resulting in the resulting AI-SiC composite sample
cracking and compaction not being optimal.



3.2 Hardness

The hardness value of the AI-SiC composite sample is shown in Figure 2. Figure 2 shows the
hardness level of the Al-SiC sample. In pure Al (0% SiC) shows the hardness level of the Al-
SiC composite of 513 Hv, then in the addition of the composition of 10% SiC and 15% SiC
respectively there has been an increase in the hardness curve in the sample which is 528 Hv and
560 Hv. The increase in hardness value by the addition of SiC in the Al-SiC sample can be
caused by Al having a weak or soft hardness value so that a filler is needed as a reinforcement,
namely SiC, this is what makes the addition of SiC, the hardness value increases. SiC was
chosen as the filler because it has a good hardness value.

560 560

Hardness (Hv)

510 T T T
o 10 20 30

Composition of SiC (%wt)

Fig. 2. Hardness of the Al-SiC composite

In addition, SiC binds easily to Al and does not cause oxidation. However, at 20% SiC
composition there was no increase in hardness. This could be because the SiC is agglomerated
or unevenly distributed, so this could reduce the effectiveness of the reinforcement and the
hardness does not increase [23,24].

3.3 X-Ray diffraction ( XRD )

The crystal structure and phase formed in the Al-SiC composite sample can be shown in Figure
3. Figure 3 shows the results of the diffraction pattern peaks in AI-SiC composites with
variations in SiC addition of 0%, 10%, 15% and 20% with 28 angles of 38.50°, 39.00°, 38.15°
and 38.15°. At 0% SiC composition, a single phase of Al is identified with no foreign phases
detected, indicating that Al is not oxidized by oxygen or combined with other compounds during
the sintering process.



(111) Asic @Al &sio;
20% SiC e
@
A
_ % # I b A B A
3 &
e 111)—
8 | s%sic "]
> $: 21 1 AT 4 Q¢
>z I
g 10% Sic (111) —
'8 @ A‘ oA ) ® 4 L
£ o
o%sic Y| o
| : N
A A

10 20 30 40 50 60 70 80 90
20 9

Fig. 3. Diffraction pattern peaks in Al-SiC composites.

As for the composition of 10%, 15%, and 20% in SiC, it shows the presence of other phases
besides Al, namely SiC and SiO,. The appearance of the SiC phase in the sample is due to the
presence of SiC content in the composite while SiO, can be caused by oxidation during the
sintering process. The crystal size in the pure composite is calculated to be 85.88 nm in the hkl
(111). At 10%, 15% and 20% composition, crystals with sizes of 26.75 nm, 103.92 nm and
67.98 nm were obtained. The crystal size decreases with the addition of 10% SiC, then the
crystal size at 15% composition is larger than the previous two compositions. A decrease in
crystal size occurs at 20% SiC composition. It can be seen that the reduction in crystal size does
not occur in powders with 15% SiC added. The resulting crystal size is larger than that of
powders with 10% SiC. The increase in crystal size may be caused by agglomeration [24].

3.4 Scanning electron microscope (SEM)

The morphological state of the Al-SiC composite is shown in Figure 4, where the addition of
10% SiC is the best composition for the Al matrix. Figure 4 shows the morphology of the Al-
SiC composite sample with 10% SiC addition variation. From the test results, it can be observed
that the shape of the grains in the composite is irregular in terms of size and shape, which is not
the same from one grain to another.



At 500X magnification, there are boundaries in the morphology of the Al-SiC composite with
white lines in the form of SiC grains on the surface. In addition, there is agglomeration
(clumping) of grains on the surface of the composite, which can be seen at magnifications of
500x, 1000x, 5000x and 10000x, where the agglomeration size is 1-8.50 pm.
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Fig. 4. Morphological state of the Al-Sic composite at (a) 500x, (b) 1,000x, (c) 5,000x, and (d) 10,000x
magnifications.

4 Conclusion

In this research, Al-SiC composites were successfully prepared by powder metallurgy method.
Based on the XRD results, it is shown that the Al-SiC composite produces multi-phase Al, SiC
and SiO». For the density results in the sample increased as SiC (0%, 10% and 15%) was added
to Al to 2.98 g/cm?, 3.16 g/cm?, 3.74 g/cm? respectively, but in the 20% SiC variation the density
decreased to 3.23 g/cm? due to Al-SiC composite cracking. The hardness level of the composite
increases when given additional SiC as in the composition of 10% SiC which is 528 Hv greater
than the 0% SiC sample which is 513 Hv. SEM results show that the Al-SiC composite has a
particle size of 1 - 8.50 pm which is due to the agglomeration of the sample.
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