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Abstract. Metal matrix composite has been developed to improve mechanical properties for the 

automotive component application. One crucial factor in achieving excellent mechanical properties 

is improving the properties of the aluminum matrix of composite by the heat treatment process. The 

mechanical properties of Al-Mg-Si matrix composites alloyed with Zn and reinforced with 5% SiC 

and 5%Gr particle were examined after the heat treatment process. The aluminum matrix is melted 

inside the crucible furnace at 850 °C and is added with SiC/Gr particle, followed by stirring at  

7500 rpm to optimize the mixing of the composite. Then, the composite is poured into the preheated 

mold at 300 °C and then squeezed with 30 MPa of pressure. The heat treatment process consists of 

three steps; solution treatment, quenching, and artificial aging. The aging process is conducted with 

variation of temperature (140 °C, 180 °C and 200 °C) and holding time (2, 4, and 6 hours). The test 

results show that the mechanical properties of aluminum matrix composite tend to increase after the 

heat treatment process. The optimum mechanical properties are achieved at the aging temperature of 

200 ºC for 6 hours, with the hardness value of 60.3 HRA and the impact value of 0.112 Joule/mm2. 

Introduction 

The development of aluminum matrix composite with particle reinforcement has been done 

substantially in automotive component application because its specific gravity is lower than ferrous 

metal, and it also has high strength and hardness, wear resistance, good tribology, and low thermal 

expansion coefficient. Recently, the use of aluminum alloy based on Metal Matrix Composites 

(MMCs) with ceramic particles is increased because it shows promising results in reducing energy 

and achieving the lightweight requirement. With higher thermal conductivity and lower density 

compared to the conventional Gray Cast Iron, it can reduce the load up to 50-60% in the braking 

system.(1)  The disc brake should have good mechanical properties, wear resistance, and resistance 

to shock loads, especially under various conditions of speed, temperature, and environment. It should 

also have sufficient capacity to receive friction until heat dissipates to prevent damage. The friction 

is especially critical in repetitive friction at high and low speeds.(2,3) 

 

The composite is a mixture of selected ingredients to produce a new material by adding reinforcement. 

Aluminum alloy matrix material reinforced with ceramic particulates belongs to the Aluminum 

Matrix Composite (AMC) composite material. In the engineering process of AMC materials, 

aluminum alloy metal can be used as a matrix with SiC ceramics and graphite (Gr) used as hybrid 

reinforcement material.(4,5) Each of these types of reinforcement has a different role to the 

mechanical properties and tribological properties of the components. The increase in the volume 

fraction of SiC reinforcement will increase the mechanical properties of the composite, while the 

increase in the volume fraction of Gr will increase the tribological properties of the composite.(5) 

The optimal performance of a disc brake component which require good mechanical and tribological 

properties can be obtained through the development of hybrid composite, namely by adding a 

combination of SiC and Gr ceramic particulates. 
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The alloy composition and the selection of casting process may affect the microstructure of 

Aluminum Alloys. Adding specific elements, such as Zn, can change the microstructure of the 

aluminum alloy as well as the cast, mechanical properties, and the excellent capability of 

machining.(5,6) The increase in Zn can improve hardness particularly after heat treatment through 

precipitation strengthening. However, the effect of precipitation strengthening needs to be explored 

on composite reinforced with hybrid ceramic particulate. The aim of this research is to explain the 

mechanical properties of Al-Si-Mg aluminum composite material with variation of Zn alloying 

element and reinforcement with hybrid ceramic particulate of 5% SiC and 5% Graphite of volume 

fraction; also the effect of the composites after the heat treatment process.(7,8) 

Method 

The matrix material of ingot Al-7Si-6Mg-5Zn are heated in crucible furnace by gradually increasing 

the temperature to 850 °C, followed by degassing process using the argon gas. The SiC and Gr 

ceramic particulate as reinforcement material in the size of 37 µm and 20 µm respectively, both in 

the volume fraction of 5%, are preheated to 1000 °C for one hour. Subsequently, the aluminum alloy 

material is mixed with the alumina and SiC reinforcement. The liquid composite is poured into the 

mold which was preheated using a heater at 350 °C to avoid initial cooling as the molten metal enters 

the mold. Afterward, the squeeze casting process is conducted by giving pressure using a hydraulic 

system with a compressive force of 30 MPa into the mold.(9) The squeezing process is conducted to 

minimize the occurrence of void and gas porosity due to the smelting process.(10) Giving pressure 

in the semi-solid state facilitates the emphasis process until the metal solidifies completely. The heat 

treatment process is performed by heating the composite at 500 °C for 1 hour, followed by quenching 

in water at room temperature for 10 minutes, and then aging with the temperature variation of 140 °C, 

180 °C and 200 °C for 2, 4 and 6 hours.(10) Furthermore, the composite characterization process is 

conducted through chemical composition test, hardness test, impact test, and metallographic 

examination. 

Discussion 

The target composition of Al-7Si-6Mg-5Zn matrix composite can be seen in Table 1. The test was 

done by using a spectrometer with ASTM E1251 standard. The Si element is added to increase 

castability, while the Mg element is added to increase the hardness through a precipitation 

strengthening mechanism by forming MgZn2 particles after the heat treatment process.(11) In 

addition, the Si element from the matrix will also react with Mg to form Mg2Si. These two particles 

will further increase the hardness of the composite.(12) The percentage of Fe and Mn element does 

not significantly affect the mechanical properties of aluminum composite matrix.  

Table 1. Composition of Aluminum Matrix of The Hybrid Composite 

Sample Si [wt. %] Mg [wt. %] Zn [wt. %] Cu [wt. %] Al [wt. %] 

Al-7Si-6Mg-5Zn 7.20 6.53 5.45 0.0019 balance 

 

In this research, the effect of temperature and time variation during the aging process towards 

hardness can be analyzed for its mechanical properties using hardness testing. The data obtained from 

hardness testing conducted on aluminum hybrid composite with materials of Al7Si6Mg5Zn and 5% 

SiC and 5% Graphite reinforcements shows that the longer the aging holding time, the higher the 

hardness value is attained. The hardness value is higher because during the 4 hours holding time; 

there is a possibility that ’ phase has been formed. This condition is in accordance with previous 

theory which stated that longer aging time will encourage a phase creation. The maximum hardness 

value obtained at a temperature of 180 ⁰C is around 57.2 HRA, after undergoing the aging process 

for 6 hours. Low hardness value occurs because a precipitate with ordered Crystal structure is formed; 
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this phase is named the phase between ’ phase. Meanwhile, the maximum hardness value obtained 

at a temperature of 200 ⁰C is around 60.3 HRA, after conducting the aging process for 6 hours. 

 

 
 

Fig. 1 Hardness test of aluminum hybrid composite at the temperature of 140 °C, 180 °C and 

200 °C for 2, 4, and 6 hours. 

 

 
 

Fig. 2 Impact test of aluminum hybrid composite at the temperature of 140 oC, 180 oC and

 200 oC with the holding time of 2, 4, and 6 hours.  

 

To determine the strength and ductility properties of a composite material, an impact test must be 

performed. The results of the impact test on the composite after the heat treatment can be seen in 

Figure 2. Increasing the aging temperature from 140 ⁰C to 180 ⁰C and 200 oC and the aging time from 

2 to 4 and 6 hours can increase the impact value. Results show that the highest impact value of  

0.112 Joule/mm2 is attained in the temperature of 200 oC with a holding time of 6 hours. 
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Fig. 3 Microstructure observations with 500x magnification on Al-7Si-Zn-Mg composite reinforced 

with SiC and Gr after aging at a temperature of 140 oC, 180 oC and 200 oC for 2, 4, and 6 hours. 
 

Metallographic examination is conducted to get an overview of the macro and micro-structure of the 

aluminum hybrid composite specimens after the aging process with temperature variations of 140 ⁰C, 

180 ⁰C, and 200 ⁰C and holding time variations of 2, 4, and 6 hours as shown in Figure 3. The aging 

process at a temperature of 140 °C shows that the porosity and the dendritic structure of the aluminum 

hybrid composite are present. The dendritic structure has not been dissolved and diffused into the 

aluminum composite in this temperature. However, at the aging temperature of 180 °C, it can be seen 

that with the increasing aging time, the precipitate increases in size and became more even. 

Furthermore, a difference in structure can also be seen, where the dendritic structure became smaller. 

Meanwhile, at the aging temperature of 200 °C, a significant structural difference can be observed, 

where the dendritic structure became even smaller than the previous size and it has been dissolved 

and diffused into the aluminum composite. 

Conclusion 

The aim of this study is to improve the mechanical properties of aluminum hybrid composite that is 

given heat treatment process. At the aging temperature of 140 ⁰C, the longer the holding time (from 
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2, 4, to 6 hours), the higher the hardness value obtained (54.6 HRA, 55.1 HRA, and 55.7 HRA 

respectively). This also occurs at the aging temperature of 180 ⁰C and 200 ⁰C. The highest hardness 

value of 60.3 HRA is attained at the aging temperature of 200 ⁰C with 6 hours of holding time. Based 

on the impact testing, the highest impact value is achieved at the aging temperature of 200 ºC for 6 

hours, with the impact value amounting to 0.112 Joule/mm2. 

Acknowledgment 

The authors are grateful to The State Ministry of Research, Technology and Higher Education, The 

Republic of Indonesia by funding this work under the PTUPT Incentive 2019-2020.  

References 

[1] Macke A, Schultz BF, Rohatgi P. Metal matrix composites: offer the automotive industry and 

opportunity to reduce vehicle weight, improve performance. Adv Mater Process. 2012;170(3):19–23.  

[2] Lan J, Yan-li J, Liang Y, Nan S, You-dong D. Thermal analysis for brake disks of SiC/6061 Al 

alloy co-continuous composite for CRH3 during emergency braking considering airflow cooling. 

Trans Nonferrous Met Soc China [Internet]. 2012;22(11):2783–91. Available from: 

http://dx.doi.org/10.1016/S1003-6326(11)61533-1 

[3] Maleque MA, Dyuti S, Rahman MM. Material selection method in design of automotive brake 

disc. Proc World Congr Eng. 2010;III:2322–6.  

[4] Stojanovic B, Babic M, Mitrovic S, Vencl A, Miloradovic N, Pantic M. Tribological 

characteristics of aluminium hybrid composites reinforced with silicon carbide and graphite: a review. 

J Balk Tribol Assoc. 2013;19(1):83–96.  

[5] Stojanović B, Ivanović L. Application of aluminium hybrid composites in automotive industry. 

Teh Vjesn. 2015;22(1):247–51.  

[6] Sadagopan P, Natarajan HK, J PK. Study of silicon carbide-reinforced aluminum matrix 

composite brake rotor for motorcycle application. Int J Adv Manuf Technol. 2018;94(1–4):1461–75.  

[7] Rahmalina D, Sofyan BT, Askarningsih N, Rizkyardiani S. Effect of treatment process on 

hardness of Al7Si-Mg-Zn matrix composite reinforced with silicon carbide particulate. Adv Mater 

Res. 2014;875–877:1511–5.  

[8] Rahmalina D, Sukma H, Lesmana IGE, Halim A. Effect of solution treatment process on hardness 

of alumina reinforced Al-9Zn composite produced by squeeze casting. Int J Smart Mater 

Mechatronics. 2014;1(1):25–8.  

[9] Souissi N, Souissi S, Niniven C Le, Amar M Ben, Bradai C, Elhalouani F. Optimization of squeeze 

casting parameters for 2017 a wrought Al alloy using taguchi method. Metals (Basel). 2014; 

4(2):141–54.  

[10] Thimmarayan R, Thanigaiyarasu G. Effect of particle size, forging and ageing on the mechanical 

fatigue characteristics of Al6082 / SiCp metal matrix composites. Int J Adv Manuf Technol. 2010; 

48(5–8): 625–6.  

[11] You-ping SUN, Hong-ge YAN, Zhen-hua C, Hao Z. Effect of heat-treatment on microstructure 

and properties of SiC particulate-reinforced aluminum matrix composite. 2007;(September):15–8.  

[12] Kumar NVR, Dwarakadasa ES. Effect of matrix strength on the mechanical properties of Al – 

Zn – Mg / SiC P composites. 2000;31:1139–45.  

 

Materials Science Forum Vol. 1042 115


