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cast microstructure of these alloys often contains coarse silicon particles

fatigue resistance, and impact toughness. These microstructural 

one of the most effective and economically feasible approaches 

homogenizes the matrix composition, while artificial aging induces the 

substantially improves hardness and strength without significantly 

employed to optimize the balance between strength and ductility in Al–Si 

deteriorating fatigue performance. Therefore, understanding the relationship 

industrial use of aluminum piston alloys, premature failures associated 

used alloys are employed in the as-cast condition or under non

promising strategy for property enhancement, a comprehensive comparison 

there is a need for a systematic investigation to determine the most 

neglecting other critical aspects including fatigue resistance, 

direct comparative relationship among various processing states

components. Improving piston alloy performance through optimized 

addressing these limitations is both scientifically valuable and industrially 

aluminum piston alloys subjected to different heat-treatment 

microstructural evolution of the alloy and how these changes 

microstructural modifications and key mechanical properties, including 

investigated samples, the work aims to identify the treatment condition 

addition, the findings are intended to provide practical guidance 

engines. The scope of this investigation is limited to four representative 

aged alloy (S4). The study focuses exclusively on the effects of thermal 

compositional modifications, reinforcement additions, or surface engineering 

alloys subjected to four distinct thermal processing conditions within 
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of the combined effects of thermal processing on microstructural 

impact toughness, wear resistance, and fatigue performance, thereby offering 

directly comparing the as-cast (S1), solution-treated (S2), solution-treated and artificially 

strength, toughness, durability, and Furthermore, the study 

establishes cle

responses, providing valuable insights into the mechanisms responsible 

lifespan of aluminum pistons used in automotive engines and generate 

present study provides valuable insights into the mechanical improvement of 

and may not fully represent the behavior of all commercial aluminum 

reinforcement, surface modification, or severe plastic deformation

encountered during actual engine operation. Finally, long-term 

treatment schedules, and experimental techniques used for microstructural 

the evaluation of hardness, tensile properties, impact resistance, wear 

piston alloy ingots were used as the starting material in this 

automotive engine applications because of their favorable combination 

a temperature of approximately 750 ± 10 °C and stirred 

castings suitable for specimen fabrication. After solidification and cooling 

influence of thermal processing on the mechanical performance of the 

consisted of the solution-treated alloy, in which the machined 

solution treatment and quenching, the specimens were artificially 

strengthening precipitates within the aluminum matrix. The fourth condition
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route adopted in this study enabled a direct comparison of the effects of 

selected thermal schedules were based on commonly reported industrial practices for 

processing conditions of the investigated 

mechanical testing to establish the relationship between 

procedures employed in this study were designed to systematically evaluate 

Following sample preparation and thermal processing

microstructural evolution and the resulting mechanical behavior

machine (IsoMet 4000, Buehler, USA), mounted in epoxy resin, and 

using diamond suspensions on an automatic grinding and polishing 

the microstructure. Optical observations were performed 

grain morphology, the distribution of eutectic silicon particles

distribution were conducted using a field-emission scanning electron microscope 

spectroscopy detector (X-MaxN 50, Oxford Instruments, United 

and crystallographic characteristics of the investigated alloys 

wavelength of λ = 1.5406 Å. Diffraction patterns were collected over a 2θ 

was measured using a digital Vickers hardness tester (HMV-G21, Shimadzu 
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(d) (c) 

(a) (b) 
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