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ABSTRACT

Materials with high specific stiffness, mechanical strength, and thermal stability are necessary for
advanced engineering applications, especially in the automotive industry. Due to their favorable
characteristics, aluminum alloys, particularly AA7050, are commonly employed; however, their wider
applicability is limited by issues like low hardness, poor wear resistance, and high-temperature
performance. To overcome these drawbacks, hybrid metal matrix composites (MMCSs) have attracted
significant attention, as they offer balanced improvements across multiple properties compared to
single-reinforcement systems. In this study, a bimodal hybrid reinforcement approach is employed by
incorporating nano hexagonal boron nitride (hBN) and carbon fiber (CF) into AA7050. Nano hBN (0—
2 wt.%) is selected for its excellent solid lubricating behaviour, thermal stability, and chemical
inertness, while CF (0.25 wt.%) enhances tensile strength and facilitates efficient load transfer. The
composites are fabricated using spark plasma sintering (SPS), which enables rapid densification,
refined grain structure, and shorter processing cycles. The hybrid composites demonstrate significant
improvements in properties. Microhardness increases by 61%, compressive strength by 58%, and wear
rate decreases by up to 50% under low-load conditions. Tribological performance improves due to the
formation of a stable lubricating film by hBN and the frictional stability provided by CF. Further
enhancement is achieved through precipitation hardening, where artificial aging results in a peak
hardness increase of 124%. However, over-aging leads to precipitate coarsening and a subsequent
reduction in hardness. Overall, the developed AA7050 hybrid composites exhibit superior mechanical
and tribological, making them highly suitable for demanding structural applications.
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