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CHARACTERIZATION OF 
ALUMINUM MATRIX METAL 
COMPOSITE HYBRID 
REINFORCED WITH SICW/(AL2O3-
MG) ON THERMAL 
CONDUCTIVITY AND HARDNESS 
 

Characteristics of composite materials that are light, strong, heat 

resistant, and high hardness are needed in their application. This 

study aims to obtain a hard material and good heat conductivity, 

with the innovation of making aluminum matrix composites (AMC) 

from aluminum powder as a matrix, combined with silicon-carbon 

whisker (SiCw) and alumina particles (Al2O3p), and adding 

Magnesium through the powder process metallurgy. The method 

of making composites was carried out by means of powder 

metallurgy. The research variables composition I, II, and II with 

Al/(SiCw+Al2O3/Mg), were given temperature treatment: 500, 

550, and 600oC. The test results show that there is an increase in 

the mechanical properties of the composites both from variations 

in composition and also from variations in treatment temperature 

because the bond resulting from the addition of 

Al2O3 reinforcement has hard and fine grain properties. The 

physical and mechanical properties of the test results are in the 

form of the highest density at composition I, 600oC (2,699 gr/cm3) 

while the hardness at composition III is 600oC (42,438 HV) and 

heat conductivity at composition III, 600oC (185,183 Watt/m.oC). 

Scanning with SEM showed that the pore size decreased from the 

treatment temperature of 500oC to 600oC due to phase changes and 

a stronger bond between the matrix and the reinforcement. So that 

the influence of composition and temperature will affect the 

thermal conductivity, hardness, and density of the composites. 

 

Keywords : Al2O3-Mg, Characterization, Hardness, SiCw Hybrid, 

Thermal Conductivity 

 

 

1. INTRODUCTION 

Currently, the need for material manufacturing technology is also increasing, followed by a variety of material 

applications. Metal-based material development applications in the industrial world are very potential. 

Indonesia has a large enough potential for the aluminum bauxite mineral. Based on the latest data from the 

Indonesian ESDM Geological Agency in 2013, it shows that the amount of bauxite resources in Indonesia 

reaches 1.264 billion tons [1]. Aluminum is a material that has the potential to be developed to obtain material 

characteristics that suit your needs. The development of the aluminum material is an aluminum matrix 

composite with the addition of reinforcement. Composite is a material development that is widely applied in 

various fields. One type of composite is Metal Matrix Composite (MMC) [2]. 

Research on composites continues to be developed with various types of matrix materials combined 

with composite binders. Aluminum matrix composites reinforced with SiCw and Al2O3 made by powder 

metallurgy method with the compacting process have been studied to improve the mechanical properties of 

composites [3]. Composite strength increases along with increasing of temperature, but porosity decreases 

along with increasing of Al2O3 [2][3]. In previous studies, magnesium was added as a wetting agent which 

aims to increase the interface bond between the matrix and the reinforcement so that the composite becomes 
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stronger and more homogeneous [4]. 

In previous research, the manufacture of Al/(SiCw+Al2O3) hybrid composites using a mixture of fine 

aluminum powder as a matrix while silica carbide (SiCw) and alumina (Al2O3) as reinforcement with powder 

metallurgy method gave the result that the sintering process could affect the composite on its physical 

properties and mechanics. The addition of the weight percent composition of SiCw and alumina (Al2O3) has 

an effect on the physical and mechanical properties of the composite, where the density and wear increases 

with each addition of alumina itself [5]. 

Previous research explained that composites using aluminum powder added with SiCw and Mg powders 

gave the result of an increase in the value of thermal conductivity at each added pressure, while the value of 

the wear rate decreased with increasing pressure [6]. Based on research on the effect of whisker and alumina 

reinforcing aluminum matrix composites on the hardness properties of the material, increasing of hardness was 

obtained due to the increasing percentage of SiCw material composition among the composite reinforcing 

materials [7]. Research on the effect of holding time and sintering temperature of Al matrix composites with 

Al2O3 + SiCw reinforcement on density and hardness properties provides an increase in density and thus 

hardness [8]. The effect of the composition of the reinforcing fibers of SiC and particulate Al2O3 on the 

characteristics of the composites has a significant effect because the Al2O3 particles are smaller than the 

aluminum matrix, so they easily spread into the composite so that it gives the properties of the aluminum matrix 

with good SiCw and Al2O3 bonds. Meanwhile, SiCw in the form of fiber contributes to making it more porous. 

In this case, the addition of Al2O3 itself affects the hardness properties of the composite. In the sintering 

treatment with a longer holding time it causes an increase in hardness, at a temperature of 550oC with a holding 

time of 6 hours, the highest increase in hardness occurs [9]. The effect of sintering time and temperature on 

Al2O3 + SiCw on the characteristics of aluminum matrix composites shows that the maximum elastic modulus 

occurs with a holding time of 3 hours at a temperature of 550ºC. SEM scanning shows that the structure of the 

composite is getting more homogeneous and denser because the distribution of particles and whiskers is more 

evenly distributed [10]. In a study on the effect of composition and sintering treatment on Al/(SiCw+Al2O3) 

composites on physical and mechanical properties, the results showed that increased wear and density occurred 

with each addition of Alumina for each composition [3]. 

Composite Material is a mixture of materials consisting of two or more materials, in which each material 

has different chemical and mechanical properties which then becomes a new material and has new 

characteristics [11]. By combining these materials, a new material is obtained which has better properties than 

the single constituent material [12]. Composites are divided into three types, one of which is Metal Matrix 

Composite (MMC). MMC is a combination of materials consisting of two or more materials, with their own 

properties and shapes, so that later it will produce a new material in the form of a composite with better 

properties and characteristics than the original material. The technology for making matrix metal composites 

depends on the chosen reinforcement, classified based on the type of matrix whether the matrix is in the liquid, 

solid or gas phase before adding the reinforcement [13] [14]. After the process is carried out, it will provide its 

own advantages and disadvantages, including economic calculations in production [15]. 

Non-ferrous aluminum metal has a light mass as well as good mechanical properties, corrosion 

resistance, and good electrical conductor. Aluminum is used very widely in various fields, and is also used as 

a composite matrix material [7] [16].Alumina is a raw material obtained in the electrolysis process and is used 

based on a stoichiometric balance, which is up to 1.89 kg in mass. Other uses are for the chemicals manufacture, 

abrasives and ceramic fibers. Alumina (Al2O3) is contained in an oxide compound from aluminum which is 

obtained through the refining process of bauxite (Al2O3 x H2O). This process is known as the Buyer Process 

SiCw material is widely used for metal reinforcement [17]. SiCw material has high hardness, therefore the 

choice of SiCw material is very good in using lathe chisels because it is resistant to high temperatures. In 

addition, this material is widely used for reinforcing ceramic components which must have a very high 

operating temperature [18]. 

This research is focused on developing aluminum matrix with added SiCw and Al2O3/Mg as 

reinforcement and using powder metallurgy method in mixing matrix materials with reinforcement. The use of 

powder metallurgy and compacting techniques aims to combine two or more material properties into one so 

that the superior composite properties of the combined material are obtained. The study was carried out by 

experimenting in the laboratory to determine the new characteristics of composites which include: density, 

thermal conductivity, hardness, and composite structure. 

2. MATERIAL AND METHODS 

The process used in the formation of composites is the powder metallurgy method. The stage in this process 
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begins with mixing and stirring of the powder particles in order to mix the powder perfectly from each of the 

composites to produce a homogeneous powder. The mechanism that occurs during the powder mixing process 

depends on the mixing method used [19]. The method in this research starts from the process of making 

aluminum matrix composites with SiCw+(Al2O3/Mg) reinforcement in the form of fine fibers and powder 

mixed using a magnetic stirrer. Furthermore, it will be characterized to determine its physical and mechanical 

properties. Composites with a percentage of the composition Al/SiCw + (Al2O3/Mg) are variables that will be 

observed for their effect on density, heat conductivity, hardness and wear and also the microstructure of the 

composite. The test material was made in a mold in the form of a cylinder with a diameter of 3 cm, a height of 

2 cm, with the resulting composite volume of 14.130 cm3. The material used are aluminum (ρm = 2,7 gr/cm3), 

SiCw (ρ = 3,2 gr/cm3), Al2O3 (ρ = 3,8 gr/cm3), and Magnesium (ρ = 1,7 gr/cm3) with a variety comparisons of 

Composition I : Al(65%) / SiCw(20%) + Al2O3(10%)/Mg(5%), Composition II: Al (65%)/ SiCw(15%) + 

Al2O3(15%)/Mg(5%), Composition III: Al (65%)/ SiCw(10%) + Al2O3(20%)/Mg(5%). This study aims to find 

the physical and mechanical characteristics of composites. 

2.1 Hardness testing 

Hardness is the resistance of an engineering material to penetration or deformation. This test uses the Vickers 

hardness method with the tool used by a micro hardness tester made of pyramid-shaped diamond as an indenter. 

Angle between the faces of the pyramid α = 136o 

 

 

Figure 1. Hardness testing schematic 

 

The strength range standard used in hardness testing is ASTM E-384 for the micro range (10-1000 gr), 

ASTM E-92 for the macro range (1-100 kg), and ISO 6507 for the micro and macro ranges. 

The hardness value can be found by the equation (1): 

 

 𝑉𝐻𝑁 = 1,854 
𝑃

(𝑑𝑚𝑒𝑎𝑛)²
              (1) 

 

With: 

dmean               =  (d1+ d2) /2      

VHN              =  Vikers Hardness Number    

P                    =  load (kgf) 

d1          =  diagonal length 1 

d2          =  diagonal length 2 

 

2.2 Density Properties Testing 

Density is a physical quantity, the ratio of the mass to the volume of the object [20]. Measurement of density 

in solid form using the Archimedes method can be calculated from equation (2) [21]. 
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With: 

            = density (gr/cm3) 

ms         = dry mass (gr) 

mg         = mass hung in water (gr) 

mb         = mass after immersing in water (gr). 

H2O    = density of water (1 gr/cm3) 

 

2.3 Heat Conductivity Testing 

The thermal conductivity value of a material shows the rate of heat transfer flowing in a material [22]. The 

thermal conductivity of most materials is a function of temperature, and increases slightly as the temperature 

increases, but the variation is small and is often neglected [23]. If the value of the thermal conductivity of a 

material is greater, the more heat will flow through the object. Therefore, materials with high k values are good 

heat conductors, while materials with small k values are less conductive (insulators). The value of thermal 

conductivity can be seen in equation (3) [24]: 

 

 𝑞 = 𝑘𝐴 
𝜕𝑇

𝜕𝑥
              (3) 

    

With: 

 q  = Heat transfer rate (W) 

 k  = Thermal conductivity (W/m. oC) 

A  = Cross-sectional area (m2) 

∂T/∂x = Temperature gradient, which is the rate of change in temperature T in the x direction 

    flow (oC/m) 

 

 

 

Figure 2. Temperature difference scheme 

 

 

 

Figure 3. Thermal conductivity test equipment 
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2.4 Scanning Electron Microscope (SEM) Testing 

Microstructure scanning was performed on the specimen surface using SEM [25]. The beam of an electron that 

is fired at the specimen will interact with the atoms or electrons from the specimen and produce an image 

object. SEM uses X-rays that have a wavelength of 4x10-3 nm, or about 100,000 times shorter than the 

wavelength of visible light. This is why SEM can be used to display objects that are so small that ordinary 

microscopes cannot separate them. The detector used in SEM is secondary electron. The purpose of this SEM 

scan is to determine the surface image of the specimen after the hardness test is carried out. The part to be 

observed is the surface of each specimen [26]. 

 

 

 

 

 

 

 

 

 

 

 

 

                                (a)                                                                                      (b)  

Figure 4. a) SEM testing scheme; b) SEM test equipment 

3. RESULT AND DISCUSSION 

3.1 Density Test Result Data 

With theoretical density testing performed on 3 composite compositions with 3 samples for each composition, 

then the average was sought. The theoretical density test is done by taking the density of each composite form-

ing material to the total volume made. The calculation result data can be seen in Table 1.  

 

Table 2: Density Test Result 

  Sample Density test Density composite 

  2,8259   

Composition I 2,9059 2,9059 

  2,9859   

Total  8,7177   

  2,825   

Composition II 2,8765 2,8749 

  2,9232   

Total  8,6247   

  2,8152   

Composition III 2,8451 2,839 

  2,8571   

Total  8,517   

 

Table 1 shows that for each composition I, II, and III there is a decrease in density. A decrease in the 

composition of the reinforcement also has an effect, there is a decrease in the theoretical density calculated by 

formula (1). This is because the fine fiber from SiCw decreases in the composition in the composite so that the 

density also decreases. SiCw is a fine fiber that has a high enough strength after being made into a composite 

as a reinforcing material. From Composition I to composition III in this study it can reduce density and strength 
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because the less percentage of SiCw composition is 20%, 15% and 10%, respectively. This can also be seen in 

Figure 5 which shows a decrease in density due to a decrease in the SiCw reinforcement composition. 

 

 

Figure 5. Graph of theoretical density results without temperature treatment 

 

Figure 5 shows the relationship between the composition of the composites made in the study and the 

theoretical composite density results without treatment. The results obtained are a decrease in the value of 

density with the value of composition I (2.9059 gr/cm3) and composition III (2.839 g/cm3). The results of the 

composite density test without temperature treatment and temperature treatment can be seen in a graph in 

Figure 6.  

 

Figure 6. Graph of composite density results on the composition against temperature and without treatment 

 

Figure 6 shows the results of the density test which are shown about the relationship without and with 

temperature treatment to the density of the composite. It can be seen that the composites without and with 

temperature treatment of 0oC and 500oC, 550oC and 600oC of each composition have an increase in density, 

but the variations of composition I, II and III show a decrease in density. So, the effect of the treatment 

temperature has an effect that causes a phase change so that the bond between the matrix and the reinforcement 

of each composition is getting stronger and can increase the density of the composite while the difference in 

composition does not have an increasing effect. Also, the relationship between theoretical density and 

composite density due to the effect of temperature treatment on each composition can be seen in Figure 7. 

Composition I Composition II Composition III
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Figure 7. The theoretical density graph and the results of the composite density test with treatment. 

 

Figure 7 shows the relationship between theoretical density and composite density due to the effect of 

temperature treatment on each composition. From this, it can be seen that the theoretical density results are 

above the density of the temperature treatment composites in each composition and each 500oC, 550oC and 

600oC temperature. This is also due to the phase change that occurs due to the heat received by the composite 

in each composition which causes expansion of the SiCw fibers and so is the hard Al2O3 powder particles. So, 

it can be seen from the density results obtained that even though it is heated to 600oC, the theoretical density 

is still above the density test value of temperature treatment. 

3.2 Hardness test Results 

Hardness data obtained by the testing process carried out three times in each composition and temperature 

treatment on the test specimen. The test results are in the form of data, which are then processed in the form of 

a bar graph. Figure 8 shows the hardness value due to temperature changes in each composite composition. 

 

 

Figure 8. Graph of composite hardness test results against temperature treatment 

 

Theoritical 0ºC 500ºC 550ºC 600ºC
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The results on the graph show the relationship between temperature treatment and hardness, where at 

each increase in temperature there is an increase in hardness. Also, with each increase in the composite 

composition tested, the hardness also increased. The increase in hardness in this composite research was caused 

by the increase in the amount of Al2O3 composition in the form of hard and fine powder particles which 

functioned as reinforcement in the composite with the addition of magnesium as well. Al2O3 particles which 

have hard properties and can bond well will increased the hardness of composites matrix. Composition of 

composites I, II and III, in each composition showed an increase in hardness. So, hardness can be affected by 

the treatment temperature and also the percentage of Al2O3 particles as a binder or reinforcement for this 

composite. The lowest hardness was at composition I, 500oC (32.324 HV) and the highest was at composition 

III, 600oC (42.438 HV). 

3.3 Thermal Conductivity Test Results 

The results of the thermal conductivity test can be seen in Figure 9 which includes a description of the material 

and the T1 - T7 thermocouple with a sensor reader distance from each thermocouple. The test is carried out on 

each of the test materials with different composition variations. The test results then calculated the value of 

thermal conductivity. During the test, the ambient temperature was 19oC and the heating power was 66 watts 

according to the test engine capability. 

 

 

Figure 9. Graph of composite hardness test results against temperature treatment 

 

Figure 9 shows the results of the thermal conductivity test on temperature treatment and composite 

composition in the form of a bar graph which provides data on the relationship between composition, 

temperature and thermal conductivity. The results showed that there was an increase in the heat conductivity 

of each temperature treatment and so did the different compositions. In composition I temperatures of 500oC, 

550oC and 600oC respectively produce thermal conductivity (165.673 Watt/m.oC, 169.357 Watt/m.oC and 

173.624 Watt /m.oC). In composition II temperatures of 500oC, 550oC and 600oC respectively produce thermal 

conductivity (167.711 Watt/m.oC, 170.62 Watt/m.oC and 175.703 Watt/m.oC). In composition III the 

temperature is 500oC, 550oC and 600oC respectively resulting in thermal conductivity (172.572 Watt/m.oC, 

179.225 Watt/m.oC and 185.133 Watt/m.oC). So it can be seen that the effect of the composition of the 

composite and the temperature treatment on the heat conductivity results in each test increases. Each 

composition has the effect of increasing the ability of heat conductivity because it is influenced by the density 

and hardness increases with each treatment temperature. With the increase in the addition of Al2O3 particles as 

well as hard and fine grains of Magnesium can reduce pores and increased material density which can affect 

the conductivity of the composite material as a conductor of heat. 

 

0ºC 500ºC 550ºC 600ºC

Composition I 154.321 165.673 167.711 172.572

Composition II 165.453 169.357 170.627 179.225

Composition III 171.025 173.624 175.703 185.133

150

154

158

162

166

170

174

178

182

186

TH
ER

M
A

L 
C

O
N

D
U

C
TI

V
IT

Y 
(W

/M
 °

C
) 



Ketut Suarsana, Rudy Soenoko, DNK Putra Negara, P.W. Sunu; Rekayasa Mesin, v. 12, n. 1, pp. 159 – 169, 2021. 

167 

3.4 SEM Testing Results 

SEM (Scanning Electron Microscope) tests are carried out on specimens that have been tested for density, 

hardness and thermal conductivity. The test was carried out three times of magnification for each composition 

I (500oC), composition II (550oC) and composition III (600oC) with each magnification of 50x, 200x and 500x. 

The results of the SEM (Scanning Electron Microscope) test are shown in Figures 10 (a), (b) and (c); 11 (a), 

(b) and (c); 12 (a), (b) and (c). 

 

 

 

 

 

 

 
 

(a)                                                    (b)                                                        (c) 

Figure 10. SEM photo of composition I at a temperature of 500oC with (a) 50x; (b) 200x; (c) 500x magnification 

 

 

 

 

 

 

 

 

(a)                                                    (b)                                                        (c) 

Figure 11. SEM photo of composition II at a temperature of 550oC with (a) 50x; (b) 200x; (c) 500x magnification 

 

 

 

 

 

 

 

 

(a)                                                    (b)                                                        (c) 

Figure 12. SEM photo of composition II at a temperature of 600oC with (a) 50x; (b) 200x; (c) 500x magnification 

 

Figures 10, 11 and 12 show SEM photos of the effect of composites composition I, II and III at treatment 

temperatures of 500oC, 550oC and 600oC. The results show that the microstructure is getting tighter, the 

bonding occurs stronger and the pores are reduced, both from the composition with an increase in Al2O3 and 

due to temperature treatment of 500oC, 550oC and 600oC. This is supported by previous research which states 

that the increase in temperature affects the size of the pore, where the pore size decreases from the increasing 

treatment temperature due to phase changes [5, 27]. In the SEM photos with different magnifications, their 

function is to clarify the surface morphology of the composites that are made. In general, direct observation to 

prove whether there is a numerical difference supported by visual differences. In the results of this study it is 

true that visually supports and proves the effect of composition and temperature treatment on the composite 

results of the study due to reduced pores, stronger bonds so that the strength of the composite increases. The 

enlargement made with 50x, 200x and 500x aims to clarify the pores that arise in composition I with a 

temperature of 500oC, composition II with a temperature of 550oC and composition III with a temperature of 

600oC. 

Porosity 
Porosity Porosity 

Porosity 

Porosity 
Porosity 

Porosity 

Porosity 

Porosity 
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4. CONCLUSION 

Based on the research that has been carried out, the effect of variations in the composition of the SiCw and 

Al203 / Mg reinforcement on the properties of the composites is the trend of increasing density test results with 

the effect of increasing temperature in each composition. In the test results, the hardness of the composite 

increases in temperature treatment from 500oC, 550oC and 600oC in compositions I, II and III, respectively. 

For the test results, the heat conductivity increases in the composition and temperature treatment of 500oC, 

550oC and 600oC in each composition. Likewise, through observations using the Scanning Electron Micro-

scope (SEM) it is concluded that the effect of adding the reinforcement composition and temperature treatment 

significantly reduces pores and increases the bond density between the matrix and the reinforcement which can 

be observed visually, so that the hardness and heat conductivity are increased and the observations show that 

the pores are reduced. 
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