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Abstract. A study of ADC12 (Al-Si aluminium alloy) composite is 
conducted to obtain a more sustainable material with enhanced properties 
for automotive industry purpose, such as train’s brake shoe and bearing 
application. For those kind of utilization, material with durability, good 
elastic modulus, thermal stability, wear resistance, and high strength 
properties is needed due to its exposure to high temperature and heavy 
continuous application. ADC 12 acts as the matrix, reinforced with 3 vf% 
micro-SiC with 5 wt% Mg wetting agent was fabricated by the stir casting 
method. The addition of 0.18 wt% Sr and 0.15 wt% TiB were expected to 
finer the grain morphology of the silicone eutectic phase and to acts as the 
grain refiner, respectively. Furthermore, T6 heat treatment was applied 
with aging temperature 150 C, 170 C, 190 C, 210 C, and 230 C, 
following the prior 1 h 490 C solution treatment. The results obtained in 
this work showed enhancement in tensile strength with the value of        
213 MPa, hardness value 75 HRB, and wear resistance. These values 
increase up to 115 MPa for the UTS and 38 HRB for the hardness value, as 
the impact of the refined grains from both modifiers and heat treatment.  
 
Key words: Aluminum composite, artificial aging, micro-SiC, Sr 
modifier, TiB grain refiner.  

1 Introduction  
Metal matrix composite is considered as one of the most reliable material, especially for 
automotive industry due to metal matrix’s basic properties which were modified by the 
reinforce [1]. Among all materials, aluminium is one of the most widely used matrix for 
composite due to its low density, ductility, and thermal conductivity [2]. However, the 
reinforce for aluminium matrix composite should be able to complement wear resistivity 
and other certain properties qualifications [3]. Reinforce is not the only contributing factor 
in enhancing composite. The addition of wetting agent such as magnesium and silicone is 
also important to strengthen the interface between and matrix and reinforce [4] by forming 
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spinel layer (MgAl2O4) [5]. In which case a composite material needs a higher mechanical 
properties, certain treatments could be applied during the manufacturing such as alloying 
[6] and heat treatment [1].  

In this composite manufacturing, ADC 12, aluminium with < 12 % Si [7], acts as the 
matrix while silicon carbide (SiC) was added as the reinforce due to its mechanical 
properties and load transfer ability [8]. Some modifiers were added to transform the 
composite’s microstructure. The stir casting manufacturing of the composite tends to form 
dendritic microstructure which results in lowering some mechanical properties [9]. 
Titanium boron in the form of Al-5Ti-1B were added to suppress dendritic grain growth 
and producing finer and equiaxed grain. The existence of boron from Al-5Ti-1B also acts as 
intermetallic stabilizer by the forming of the boride layer [10]. Strontium modifier (Al-
15Sr) were also added to transform the coarse eutectic silicone into more fibrous and 
dispersed form [11].  

To obtain higher mechanical properties, T6 heat treatment was applied to as-cast 
composite. This treatment is conducted to gain higher mechanical properties, such as 
hardness value with a higher nominal than 56 HRB, the hardness value of as-cast 
aluminium composite [12]. This goal of enhancement also targeted to be achieved on other 
mechanical properties. T6 heat treatment was initiated by solution treatment to solute the 
existing second phase, resulting the homogenised solid solution. Quenching undergo right 
after the solution treatment, followed by the artificial aging. Artificial aging involves two 
process, heating of the material to certain temperature to give the trapped atoms energy 
which results intermetallic compound and cooling process of the material in the natural 
room condition [13]. 

In this work, various artificial aging temperature: 150 C; 170 C; 190 C; 210 C; and 
230 C were applied to the composite to examine the effects of different aging temperature 
to the composite’s properties.     

2 Experimental  

2.1 Materials and methods  

2.1.1 Materials 

Prior to experiment, composite mass balance calculation was conducted to prepare the 
materials needed. 547 g of ADC12 (Si 10.5 %; Fe 0.8 %; Cu 2.33 %; Mn 0.22 %;            
Mg 0.22 %; Zn 0.64 % and Cr 0.04 %) as matrix, 3 Vf% of SiC as reinforce, 5 wt% Mg as 
wetting agent, 0.15 wt% of TiB, and 0.03 wt% of Sr were prepared.  

2.1.2 Making of TiB and Sr modified ADC12/SiC composite 

The composite was fabricated using stir casting method. ADC12 were heated in 800 C 
until molten state were obtained. Prior to molten pouring, SiC were also heated in 900 C 
for 1 h as pre-treatment. After pre-treatment, SiC were added to the ADC12 melt, followed 
by stirring. Addition of Mg ingot, TiB, and Sr were conducted right after that, followed by 
another stirring. Argon degassing were conducted for 2 min before pouring to the casting 
die. Casting die was also prepared before pouring by applying zirconia coating and pre-
heating the die in 350 C for 2 min to 3 min to minimalize thermal shock.  

As cast products then undergo the T6 heat treatment process, starting with the solution 
treatment for 1 h in 490 C then followed by water quenching in room temperature.  
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another stirring. Argon degassing were conducted for 2 min before pouring to the casting 
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heating the die in 350 C for 2 min to 3 min to minimalize thermal shock.  

As cast products then undergo the T6 heat treatment process, starting with the solution 
treatment for 1 h in 490 C then followed by water quenching in room temperature.  

Artificial aging for 6 h with temperature variations: 150 C; 170 C; 190 C; 210 C; and 
230 C, followed by natural aging in room temperature marks the end of the composite 
samples’ fabrication. 

2.2 Characterization  

All post heat treated products were prepared as sample specimens for mechanical testing 
(tensile strength, hardness, wear rate) and microstructural analysis. Microstructure analysis 
were conducted using optical microscope (OM), after samples were grinded, polished, and 
etched using hydrofluoric acid (HF) with 0.5 % concentration for 8 s to 10 s.  

The conducted mechanical tests were: tensile testing using Ogoshi universal testing 
machine with ASTM E8 standard; Rockwell B hardness testing with ASTM E18 standard; 
charpy impact testing with ASTM E23 standard; and wear rate testing with ASTM G99 
standard. The density of each samples was also measured using Archimedes Theory. All 
mechanical tests were conducted on room temperature. 

3 Results and discussion 

3.1 Microstructural analysis of TiB and Sr modified ADC12/SiC composite 

 
Fig.  1. Microstructure of  (A) composite without heat treatment, heat treated composite with aging 
temperature (B) 150 C, (C) 170 C , (D) 190 C, (E) 210 C, and (F) 230 C, with 200× 
magnification 

The microstructure comparison of ADC12 and all composite with or without T6 
temperature variations are shown in Figure 1. What distinguish ADC12 microstructure 
from the composite is the existence needle-like structures which tend to gather stress 
concentration in the material. Significant microstructure transformation can be seen within 
all composite with T6 temperature variation samples. The needle-like structures 
transformed to more spherical structure in composite, with different growth in each sample. 
The growth of columnar grains in 150 C and 170 C samples can be seen, in which higher 
aging temperature produces more spherical and finer columnar grains. The decreasing of 
secondary dendritic arm spacing (SDAS) can also be seen as the aging temperature rises. 
Finer, spherical grains with lower dendritic arm spacing reduces stress concentration in 

A B C 

D E F 
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material structure, which will affect the material’s toughness. The increasing of aging 
temperature shows parallel relation in grain growth, in which higher aging temperature will 
trigger bigger columnar grains and the dendrites tend to be more spherical. Sample with 
230 C has bigger columnar grain size than the other samples. However, the dendrite arm 
spacing shows different trend shown in Figure 2, in which it shows lowering of dendritic 
arm spacing from 150 C to 170 C samples, but then increases respectively in 190 C,                 
210 C, and 230 C samples. 

 
Fig.  2. Effect of aging temperature to composite dendritic arm spacing 

 
Fig. 3. Phases in T6 heat treated TiB and Sr Modified ADC12/SiC Composite  

From the Figure 1 and Figure 3, the existing phase in the materials can also be seen. As 
labelled in Figure 3, the existing phases are primary Mg2Si, Chinese script form of binary 
Mg2Si, eutectic silicone which clusters in some areas, Al2Cu in the light grey form, needle-
like β-Al5FeSi and α   -Aluminium. The existing phase are correlated with the chemical 
composition of the composite, shown in Table 1 and the x-ray diffraction analysis shown in 
Figure 4.  

Compared to ADC12, the composite shows higher amount of magnesium which were 
added as wetting agent, resulting in Mg2Si formation with the reaction: L Al + Si + 
Mg2Si. The existing magnesium tends to form Mg2Si in both primary and binary form 
which results in the enhancement of mechanical properties. Ti amount in the composite is 
also related to the existence of Al3Ti and TiB2 intermetallic compound, from the TiB 
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addition, which act as nucleating compounds in the composite [14]. The Fe content in the 
composite is suspected to come from the fabrication, resulting the existence of Al5FeSi, 
Al8FeMg3Si [15] and  β-Al5FeSi [16]. Based on the XRD analysis in Figure 4, the existence 
of aluminium and magnesium in the composite also form MgAl2O4 or spinel that plays role 
in enhancing material properties.  

Table 1. Chemical composition of ADC 12 and composite 

From Figure 3, a needle-like form is predicted as β-Al5FeSi phase, while another phase 
which may be formed near the phase is intermetallic Al2Cu. This is in accordance with the 
solidification reaction of the Al-Si-Cu-Fe quartener [17] which occurs at a temperature of 
525 C, with the reaction: LAl + Si + Al2Cu + Al5FeSi. However, with the addition of 
Mg, the formation of π   - Al8Mg3FeSi6 is possible from the β-Al5FeSi. This will produce 
better mechanical properties than needle-like form, as it will increase the ductility. 

 
Fig. 4. XRD pattern of TiB and Sr modified ADC12/SiC composite. 

3.2 Mechanical properties  

3.2.1 Composite density  

All of the composite samples were fabricated with the same method and composition. 
Based on the measurement, the composite density value is 2.63 gr cm−3. This is value is 
lower than ADC12 (2.76 gr cm−3) as the effect of the lower-density alloying elements such 
as magnesium (1.74 gr cm−3) and Al-15Sr alloys (2.69 gr cm−3) to the composite. This 
lowering of density value is also associated with the presence of Mg2Si phase which has 
low density (1.9 gr cm−3) [18].  
 

 Al Si Fe Cu Mg Cr Ti Sr 
ADC12 84.8 10.5 0.86 2.33 0.22 0.038 0.046 < 0.000 1 
Composite 77.6 12.7 1.74 1.84  4.97 0.182 0.126 0.006 43 
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Fig. 6. Ultimate tensile strength (left) and elongation (right) of composite. 

3.2.2 Tensile and elongation   

Ultimate tensile strength (UTS) of composite with variation of T6 aging temperature are 
shown in Figure 6. Composite with 170 C aging temperature achieve the highest UTS 
value. This value is higher from the composite with lower aging temperature, 150 C, also 
the other composite with higher aging temperature. This higher value is the impact of the 
peak age, which is obtained at the 170 C temperature. Higher temperature above the 
optimum temperature triggers the excessive microstructural growth as the result of over 
aging phenomenon. Over aging made phases like Mg2Si, Al2Cu, and Cu2Mg8Si6Al5 to be 
incoherent while it actually already reached its semi-coherent state before (while peak age). 
This results in decreasing of some mechanical properties, including tensile strength. From 
Figure 6 it can also be seen that higher tensile strength is also parallel with the higher                      
% elongation. The higher UTS value and elongation are the result of the material’s 
homogenization, which was obtained from the heat treatment process. Modifiers also play 
role in microstructural evolution, which results in finer and spherical columnar grains. 

3.2.2 Hardness and wear rate 

The hardness value of composite increases as the aging temperature escalates, but then 
decreases after certain temperature when over aging phenomenon occurs. This trend is quite 
similar with the tensile strength results, in which both UTS and highest hardness value are 
achieved with 170 C aging temperature. However, sample with 190 C, 210 C and 230 C 
aging temperature only shows minor significance in hardness value reduction.  

Figure 7 wear rate data also shows that material with higher hardness value will tend to 
have lower wear rate, because the hardness properties of a material is directly related on its 
ability to prevent material loss when it is exposed to abrasion, erosion, or other wear 
mechanisms.  
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Fig. 7.  Hardness value (left) and wear rate (right) of composite. 

4 Conclusion  

ADC 12/SiC composite with TiB and Sr that undergo T6 heat treatment can be considered 
as a better material choice for various utilization, such as for automotive industry usage that 
demands wear resistant, hardness, durability, high tensile strength, and other requirements. 
This is because the higher mechanical properties are obtained with the optimum aging 
temperature at 170 C. It reaches 213 MPa in ultimate tensile strength (UTS) and 75 HRB 
in hardness value. The T6 heat treatment triggers not only grain and phase transformation, 
but also material structure homogenization, which also results in enhanced mechanical 
properties such as higher elongation percentage with higher tensile strength. The decreasing 
material properties with higher aging temperature (190 C and above) in this work is 
occurred due to over aging phenomenon. 

This enhancement is also supported by the addition of TiB and Sr modifier, also 
magnesium as the wetting agent. Magnesium addition enable the formation of intermetallic 
phases such as Mg2Si and spinel (MgAl2O4), which also affected the material’s mechanical 
properties.  The  existence  of   iron  also  holds  roles   in  phase  formation,  which  resulted  β-Fe 
and  π-Fe phase.  
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