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ABSTRACT

The study aims to enhance the mechanical properties of AA2124 aluminum alloy matrix composites reinforced
with silicon nitride (Si,N,) particulates, utilizing powder metallurgy and high-energy ball milling techniques.
Reinforcing metal matrices with ceramic particulates like Si,N, offers potential strength, hardness, and thermal
stability improvements for advanced engineering applications. AA2124 alloy powder was mixed with Si,N,
particulates (5-20 wt%) and milled for varying durations to achieve uniform dispersion. The mixtures were
compacted and sintered at 500°C in an argon atmosphere. Microstructural characterization was performed
using SEM, XRD, and particle size analysis. Mechanical properties were evaluated through tensile, fatigue,
and creep tests, along with microhardness measurements. The composites exhibited significant improvements
in mechanical properties, with optimal results observed at 15 wt% Si,N, and 60 minutes of milling. The tensile
strength increased to 475 MPa from 320 MPa, and microhardness reached 297 kgf/mm? compared to 37 kgf/mm?
for the unreinforced alloy. Enhanced fatigue life and creep resistance were also noted. This study demonstrates
that optimizing Si,N, content and milling duration can significantly enhance the mechanical properties of
AA2124 composites, making them suitable for acrospace and other high-performance applications. The findings
provide a basis for developing advanced aluminum matrix composites with superior mechanical properties.
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1. INTRODUCTION

Metal matrix composites (MMCs) have garnered significant attention in advanced engineering materials due to
their superior properties to unreinforced alloys. Reinforcing metals like aluminum, magnesium, and titanium
with ceramic particulates leads to a blend of properties from the ductile metal matrix and the high strength-
high modulus reinforcements. This results in tailored property enhancements such as high specific strength
and stiffness, increased wear resistance, controlled coefficient of thermal expansion, and improved elevated
temperature properties.

Aluminum (Al) and its alloys are widely used in engineering applications due to their favorable prop-
erties, including high strength-to-weight ratio, good corrosion resistance, and excellent thermal and electrical
conductivity. Among the various aluminum alloys, AA2124 is notable for its high strength-to-density ratio, good
toughness, and fatigue strength, making it an ideal candidate for aerospace applications.

The AA2124 alloy, part of the Al-Cu-Mg system, is known for its high mechanical properties and is
extensively used in aerospace, automotive, and structural applications where lightweight and durability are
crucial. Reinforcing AA2124 with ceramic particulates, such as silicon nitride (Si,N,), can further enhance its
mechanical and thermal properties, expanding its application scope.
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