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A pit furnace running at about 800 °C is used to complete the melting process as shown in Figure 2. 

The scrap material from pistons is melted in a crucible until it is completely melted. To ensure the 

quality of the castings and to minimize thermal defects, the molten metal is poured into a pre-heated 

iron mold (at 400 °C) before being cast. The pre-heating of the mold decreases thermal gradients, 

avoids premature solidification, and improves the surface appearance of the castings. After casting, the 

material produced is in cylindrical bars with a length of approximately 250 mm and a diameter of 

approximately 15 mm [67]. These cast bars formed the matrix (base) alloy used for making composite 

samples for mechanical evaluation. The chemical composition in Table 1 verifies that the composite 

sample's base alloy has an Al–Si-based piston alloy composite of AlSi12Cu1-type (EN AB-47100). 

Having greater than 10% silicon will aid in anti-wear along with providing lower thermal expansion. 

Both are critical requirements for pistons. Both copper (1.29%) and magnesium (1.13%) will aid in 

strength enhancement from precipitation hardening methods. Nickel (0.744%) adds strength and 

thermal stability to the material with respect to use at elevated temperatures; therefore, it is essential 
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for engine parts. Various minor alloying elements (manganese, chromium, and titanium) promote 

refined grain structure and enhanced mechanical property characteristics while iron content (0.596%) 

could affect the generation of intermetallics which could create a brittle material for this alloy system. 

This alloy composition would be well suited for high-temperature, high-load applications on pistons 

Figure 2 (a) Melting process of recycled aluminum piston scrap in a pit furnace at 800 °C prior to 

casting; (b) mechanical stirring of Al2O3 NPs within the molten aluminum matrix to ensure uniform 

particle distribution during composite fabrication. 

 

2.1. Composite fabrication (incorporation of Al₂O₃ NPs) 

 

Due to the straightforward, low-cost, and large-scale production capabilities of stir casting, Al−A2O3 

(NP) composites are manufactured using this process. As described in Section 2, the EN AB-47100 as-

cast aluminum piston alloy is melted down in a pit furnace to create a completely molten material at 

around 800 °C. The A2O3 NPs used to reinforce the composite had an average particle size of 25 nm. 

Before they are added to the melting aluminum, the nanoparticles are heated to approximately 300 °C 

to 400 °C to dry them out and allow for better interaction with the melting aluminum. Once dry, the 

A2O3 nanoparticles are introduced into the melt by weight percent (2%, 4%, and 6%) in an 

incremental manner. A mechanical stirrer coated with graphite is used to mix the material, maintaining 

a constant speed to achieve dispersion and limit agglomeration of the nanoparticles during the mixing 

process. By creating a vortex through the molten metal due to stirring, it is possible to effectively 

incorporate and distribute A2O3 NPs throughout the aluminum matrix. Excessive turbulence is 

avoided in order to prevent gas entrapment and formation of porosity. After a homogenous mixture is 

achieved, the composite melt is poured into an iron mold that is pre-heated to around 400 °C to 
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produce cylindrical cast specimens of the composite. The cast composites are allowed to cool at room 

temperature, and then are subsequently machined into standard size test specimens to perform 

mechanical characterization. The Al-A2O3 NP composites are then tested for tensile strength and 

hardness to determine how well the addition of nanoparticles would affect the mechanical performance 

of the Al Piston Alloy composite material. [69,70]. 

 

According to standard specifications in fig 3(a) [1]. The specimens comprised five different samples 

based on the composition. Only one is made from base alloy (unreinforced) while the other three had 

varying amounts (2 wt, 4wt., etc.) of NPs dispersed throughout them. Each specimen had 

cylindrical shape with gauge diameter of 10 mm and total length of 100 mm. Machining is done so that 

all specimens are the same size, shape, and finish in accordance with ASTM E8. Tensile testing 

determined the ultimate tensile strength (using Universal Testing Machines [Type Instron] as shown 

below) is performed at room temperature using a constant crosshead speed of 10 mm per minute. 

Throughout the testing, the load and elongation are recorded for data analysis of the tensile properties 

of both the base alloy and fabricated composites. The resulting values from this study are used to 

assess how mechanical properties of the aluminum piston alloy are affected by nanoparticle 

reinforcements. 
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