Effect of Adding SiC on Resistance Wear and Hardness
through Stir Casting of Aluminum Matrix Composites
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Abstract. This study aims to determine the wear resistance and hardness of aluminum matrix composites (AMCs)
plus SiC amplifier with a ratio of 98% Al-Si and 2% SiC using the stir casting method. The research method is the
wear test with ogoshi high-speed universal wear testing machine and hardness test with the Brinell method.
Variation the pouring temperature used in the stir casting method are 688°C, 738°C, and 788°C. The wear test
results at abrasion speed of 0,250 m/sec in 60 seconds, shows that the specific wear value of the compressive force
is 2.12 kg which tends to be higher when compared to the specific wear value in the compressive force of 3.18 kg
and 6.36 kg. Hardness testing results showed that the addition of SiC to aluminum matrix composites (AMCs)
showed an increase in the value of matrix hardness. The specimen samples without SiC addition have the lowest
hardness level compared to those using the addition of 2% SiC (Silicon Carbide) which is 578.01 HBW 10/3000/15.

INTRODUCTION
The piston is one of the spare parts for motorized vehicles which is very vital and often changes every
overhaul. Piston damage is caused by wear due to piston working conditions withstand high temperatures, large
pressures and continuous frictional forces for long periods of time. It is caused piston components to be replaced
according to usage. Pistons are made of aluminum and silicon alloys which have resistance to corrosion, abrasion,
ductility and high strength expansion coefficients (Cole, 1995).
Several innovations have been developed in the manufacture of pistons through the casting process,
including gravity casting, squeeze casting, stir casting, powder metallurgy and centrifugal casting. Weaknesses
resulting from gravity casting are many porosity and low strength. Press print casting can minimize porosity,
shrinkage, smooth surface, high mechanical strength, metal saving, low cost and final shape approaching the desired
dimensions. Stir casting can reduce porosity defects that occur with better mechanical properties (S. Wilastari,
2011).
The piston is the main driver of the combustion process in the combustion chamber. The piston material
needs to have characteristic specifications and special mechanical properties to achieve a standard of SAE (Society

of Automotive Engineers) for pistons. Currently, piston materials for large industries still use aluminum ore to make
their alloys.
The strength and tenacity of aluminum are still below the piston standard, thus superior material needs to
be created. The superior material is obtained by combining two or more materials or called composites. Aluminum
matrix composites (AMCs) are widely used in piston manufacturing. Composites consist of aluminum alloy and
silicon carbide (SiC). Aluminum as a matrix and SiC as reinforcers in the form of particles and fibers.
Addition of SiC in Al matrix was increased Vickers hardness and tensile strength of composites when
compared with unreinforced Al. 20 wt. % SiC content AMC showed maximum hardness and tensile strength (Md.
Habibur et, 2013). The mechanical properties of cast composites depend on factors such as fabrication techniques,
volume fractions, reinforcement particle shape and distribution and constituent properties (Sijo MT, 2015).
Kurzawa (2008) made aluminum matrix composites (AMCs) pistons or aluminum matrix composites from
Al-Si aluminum alloy plus SiC amplifiers with a ratio of 80% Al-Si and 20% SiC using a squeeze casting method.
The results obtained using the squeeze casting method with particle and fiber reinforcement can increase the tensile
strength of 225%, hardness of 150% and porosity of 5%. Anastasia Sahari (2009), did the addition of Mg to the
hardness of Al2O3 and Al matrix composites, resulting in an increase in optimum hardness of 1221 VHN achieved
at the addition of 8 wt Mg and increasing the matrix interface reaction.
This study aims to determine the wear resistance and hardness of aluminum matrix composites (AMCs)
from Al-Si aluminum alloy plus SiC amplifier with a ratio of 98% Al-Si and 2% SiC using the stir casting method.
.

STIR CASTING
Stir casting is like the casting process by adding a pure metal (usually Al) with a composite, by melting
the pure metal, then the pure metal that has melted is stirred continuously until it forms a vortex, then composite
(powder) it is mixed little by little through the edge of the formed vortex. The advantages of steering casting
include:
1. This process is able to combine reinforcing particles into molten metal due to a mechanical stirring force which
causes solid particles to be trapped in molten metal.
2. With the stirring process at a temperature above the liquid temperature, the trapped air makes it possible to rise
above the surface of the molten metal so that defects caused by trapped air in molten metal can be avoided.
3. The stir casting process produces products whose results are relatively better than the results of casting others
because metal mixing can be more homogeneous

FIGURE 1. Kitchen plan for casting stir casting

EXPERIMENTAL METHOD
Research Flow Chart
The development stage of this research, as a whole is shown in the figure below.

FIGURE 2. Research Flow Chart

Materials and Equipment
Figure 3 shows the raw material used for the recycling process with the stir casting method with the
addition of SiC amplifier with a ratio of 98% Al-Si and 2% SiC.

(a) Used Materials

(b) SiC Raw Material

FIGURE 3. Research Raw Materials

Ogoshi universal high-speed wear testing machine type OAT-U is to determine the wear rate of a
material where the test object obtains friction load from a revolving disc. This loading will result in contact which
will eventually take part in the material on the test object. The amount of surface trace from the material that is
rubbed is the basis for determining the level of wear on the material.
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FIGURE 4. (a) Ogoshi high-speed universal wear testing machine type OAT-U, (b) Mileage and press load
according to Ogoshi Instruction Manual high-speed universal wear testing machine type OAT-U
The steps taken during this wear test process are as follows:
1. Test preparation
a. Prepare test samples.
b. Smooth the surface of the sample of the test object using sandpaper and velvet cloth that is given an autosol.
2. Operation
a. Place the specimen on a rotating disk machine on plate
b. Set the desired gear ratio to determine the step length (mm) and load (kg)
c. Turn on the Machine and the timer is activated to adjust the time we need.
d. Turn off the engine and replace the specimen with the next specimen to be tested.
e. Repeat steps (a) to step (d) to all specimens to be tested

The Brinnel hardness test of indentation using steel balls is hardened and pressed with a certain load. The load is
applied for a certain time, usually, 30 seconds and the diameter of the indentation is measured by a microscope or a
magnifying glass after the load eliminated.

(a)
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Figure 5. (a) Brinell Hardness Test Equipment, (b) Brinell Hardness Equation (HBN)
The steps taken in the Brinell testing method are as follows:

1.
2.
3.
4.
5.

Prepare materials and test equipment (Brinell Hardness Test, ball indentor, test sample)
The sample of the specimen to be tested has been grinding / smooth sanded, clean of dust and crust.
The indentor is pressed to the specimen/material with a certain style, generally using 3000 kgf load, wait up
to 10-30 seconds (usually 20 seconds).
Free the style and release the indenter from the test object
Measure the diameter of the grooves that occur using a measuring microscope

RESULTS AND DISCUSSION
Resistance Wear
The width of the plate used (B) is 3 mm, the radius of the dish (r) is 15 mm. The abrasion speed used is 0.250 m /
sec. The compressive force variations in the wear process take place (Po) i.e. 2.12 kg, 3.18 kg, and 6.36 kg. Mileage
in the wear (Lo) process is 66.6 m, 100 m, and 200 m. The wear width of the test specimen was measured using a
microscope with 50X magnification. Specimen samples without SiC are specimen samples that are not through the
process of stir casting method, while specimen samples of 688°C, 738°C, and 788°C are specimen samples through
the process of stir casting method. The specific wear price (Ws) is obtained from the calculation using the equation :
. The results of the wear test measured on 4 (four) variations of specimen samples are presented in
Table 1 as follows:
Table 1. Wear test results with the Ogoshi High-Speed Universal Wear Testing machine OAT-U type
Specimen
Samples

Without SiC
688 °C
738 °C
788 °C
Without SiC
688 °C
738 °C
788 °C
Without SiC
688 °C
738 °C
788 °C

Press Style in
Po Wear
Process
(kg)

Mileage in the
Process of
Wearing, Lo
(m)

2.12

66.6

3.18

100

6.36

200

Wear Width, Bo
(mm)
Width
I
20
20
20
18
22
23
25
23
36
36
30
39

Width
II
20
24
21
23
22
25
25
26
42
43
33
38

Width
III
20
22
26
24
22
27
24
27
40
40
34
39

Average
Bo
(mm)

Specific
Wear
Prices, Ws
(mm2/kg)

20
22
22.33
21.67
22
25
24.67
25.33
39.33
39.67
32.33
38.67

0.035
0.047
0.049
0.045
0.021
0.031
0.029
0.032
0.030
0.031
0.017
0.028

Based on Table 1, it can be seen that giving the compressive force to the wear process takes place and
the distance to the wear process greatly affects the width of wear that occurs. 6.36 kg compressive force with a
distance of 200 m produces a much higher wear width compared to the 3.18 pressure force with a distance of 100 m
and a pressure force of 2.12 kg at a distance of 66.6 m. The largest average width of wear (Bo) in the specimen
sample is 688°C with a pressure force of 6.36 kg which is equal to 39.67 mm and the lowest is in the specimen
sample without SiC with a pressure force of 2.12 kg which is 20 mm. The larger and in the traces of wear, the higher
the volume of material released from the test object.

(a)
(b)
FIGURE 6. (a) Effect of SiC Addition on specimen samples with stir casting method with variations of Press Style,
(b) Wear Test Samples
The specific wear values of four specimen samples in a compressive force of 2.12 kg, which tend to be
higher when compared to specific wear values in the compressive force of 3.18 kg and 6.36 kg. The highest specific
wear value with a compressive force of 2.12 kg was found in the 738°C specimen, which was equal to 0.049 mm2/kg
and the lowest in specimens without SiC which was 0.035 mm2/kg. In the compressive force of 3.18 kg, the smallest
specific wear value is found in the sample without SiC which is equal to 0.021 mm2/kg and is greatest in the 788°C
specimen, which is 0.032 mm2/kg. In the compressive force of 6.36 kg, the smallest specific wear value is found in
the specimen 738°C which is equal to 0.017 mm2/kg and is greatest in the specimen sample 688°C which is equal to
0.031 mm2/kg. It can be concluded that the addition of Si and cast cast temperature on aluminum matrix composites
(AMCs) greatly affects the specific wear value. The higher the compressive load and the thicker the addition of SiC
given to the matrix composite, the specific wear value tends to be low and the higher the cast temperature the cast,
also weakens the wear resistance of the matrix.

Hardness
Table 2 shows the results of Brinell hardness test on specimen samples with two types, namely specimen
samples without addition of SiC and specimen samples with the addition of SiC by 2% at pouring temperature
688°C, 738°C, and pouring temperature 788°C.
TABLE 2. Hardness Test Data with Brinell
Specimen Samples
Without SiC
688 °C
738 °C
788 °C

Value Of Hardness (HBW 10/3000/15)
578.01
587.34
596.89
593.28

The results of hardness testing showed that the addition of SiC to aluminum matrix composites (AMCs)
showed an increase in the value of matrix hardness. The specimen samples without SiC addition have the lowest
hardness level compared to those using the addition of 2% SiC (Silicon Carbide) which is 578.01 HBW 10/3000/15.
The highest matrix hardness value was found at pour temperature of 738° C of 596.89 HBW 10/3000/15. In

contrast, the addition of SiC at a temperature of 788 ° C causes the hardness value to decrease because there is
porosity which causes the properties of the reinforcing matrix to decrease.
The results of the determination of the level of violence contained in table 2 above, in accordance with the
level of violence limits recommended on HBW 10/3000, namely 95.5 - 650 HBW.

CONCLUSION
It can be concluded as follows:




The wear test results at abrasion speed of 0,250 m/sec in 60 seconds, shows that the specific wear value
of the compressive force is 2.12 kg which tends to be higher when compared to the specific wear value in the
compressive force of 3.18 kg and 6.36 kg. The highest specific wear value with a compressive force of 2.12 kg
is found in specimen samples 738°C that is equal to 0.049 mm2/kg and the lowest in the specimen samples
without SiC is equal to 0.035 mm2/kg. In the compressive force of 3.18 kg, the smallest specific wear value is
in the specimen sample without SiC that is equal to 0.021 mm2/kg and the largest is in the specimen sample
788°C which is equal to 0.032 mm2/kg. In the pressures of 6.36 Kg, the smallest specific wear value is found
on specimen samples 738°C that is equal to 0.017 mm2/kg and the largest is in the specimen sample 688°C
which is equal to 0.031 mm2/kg.
Hardness testing results showed that the addition of SiC to aluminum matrix composites (AMCs) showed
an increase in the value of matrix hardness. The specimen samples without SiC addition have the lowest
hardness level compared to those using the addition of 2% SiC (Silicon Carbide) which is 578.01 HBW
10/3000/15. The highest matrix hardness value was found at pour temperature of 738°C of 596.89 HBW
10/3000/15. Conversely, the addition of SiC at a temperature of 788°C causes the hardness value to decrease
because there is porosity which causes the properties of the reinforcing matrix to decrease.

This paper based on work supported by DIKTI grant. I would like to thank The Ministry of Research, Technology
and Higher Education of the Republic of Indonesia and Politeknik Negeri Ujung Pandang for funding and
supporting.
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