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Abstract - This study investigates the mechanical and
tribological performance of aluminium tungsten carbide
(AI-WC) composites fabricated via the powder
metallurgy (P/M) route. Pure aluminium was reinforced
with varying weight percentages of micro-sized WC
particles (0, 3, and 6 wt.%) to evaluate the effects on
hardness, density, and resistance.
Microstructural analysis revealed a uniform distribution

erosion wear

of WC nparticles and refined grain morphology with
increasing reinforcement content. The composites
demonstrated a significant improvement in hardness, with
values rising from 50 Hv for pure Al to 73 Hv for Al-
6WC. Erosion wear testing under different impingement
angles and velocities showed that WC addition altered the
wear mechanism from ductile to brittle, especially at
higher impact angles and velocities. AI-3WC exhibited
optimal erosion resistance at intermediate conditions,
while Al-6WC
particle-matrix debonding at extreme erosive loads. XRD

showed localized embrittlement and

and EDS analyses confirmed the retention of WC phases
and their uniform dispersion within the matrix. The study
that WC the
mechanical strength and erosion resistance of Al-based
composites, but excessive content may compromise

concludes reinforcements enhance

interfacial integrity. Thus, optimizing WC content is
critical for tailoring composite performance in dynamic
and abrasive environments.

Keywords Powder metallurgy; Pure Al-WC
composites; Erosion wear; Microstructure; Density;
Hardness

1. INTRODUCTION

Over the past few decades, metal matrix composites
(MMCs), particularly aluminium matrix composites
(AMMCs), have emerged as advanced engineering
materials due to their superior mechanical, thermal, and
wear-resistant properties achieved through ceramic
particle reinforcement. While conventional
reinforcements such as SiC, B4C, and TiC have been
widely studied, tungsten carbide (WC) offers exceptional

hardness, strength, and abrasion resistance, making it a
promising alternative. Powder metallurgy, especially flake
powder metallurgy, enables uniform particle distribution
and improved interfacial bonding, addressing limitations
of liquid-state fabrication routes. Although prior research
has extensively explored microstructural, mechanical, and
tribological behaviour in various AMMC systems,
comprehensive studies on Al-WC composites remain
limited. Therefore, the present work focuses on evaluating
the microstructure, hardness, mechanical performance,
and erosion wear behaviour of WC-reinforced aluminium
composites fabricated through powder metallurgy, using
pure aluminium as the matrix to minimize porosity and
processing complexity.
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3. METHODOLOGY

In the present study, aluminum metal matrix composites
(AMMCs) reinforced with tungsten carbide (WC) were
successfully fabricated using the powder metallurgy
technique. Commercially pure aluminum powder (99.5%
purity, 15.5 pm) was used as the matrix, while WC
powder (13.5 um) served as reinforcement in 0, 3, and 6
wt.% compositions. Uniform mixing was achieved
through planetary ball milling with toluene as a process
control agent, followed by compaction at 780 MPa and
sintering in an argon atmosphere at 550 °C for 1 hour.
Mechanical and erosion characteristics were evaluated
using Vickers microhardness testing and air-jet erosion
testing based on ASTM G76. Density behavior was
analyzed through theoretical calculations
mixtures) and experimental
Archimedes’ principle. Microstructural and phase
characterization performed using optical
microscopy (Leica Microsystems), SEM/EDS (Zeiss),
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and XRD, confirming the structural integrity and wear
performance of the fabricated composites
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Figure 1. Schematic of (a) powder metallurgy process
and (b) erosion wear tester.

3. CONCLUSIONS

This study demonstrates the controlled mechanical and
erosion performance of Al-WC composites fabricated
through powder metallurgy with varying WC contents (0,
3, and 6 wt.%). Microstructural analyses confirmed
uniform WC distribution and strong interfacial bonding,
leading to grain refinement and increased densification,
although higher WC levels introduced slight porosity and
microcracking. Microhardness improved progressively,

reaching 73 Hv for Al-6WC due to dispersion
strengthening and dislocation hindrance. Density
increased with WC addition but remained marginally
below theoretical values because of residual porosity.
Erosion resistance was enhanced at lower angles and
velocities, while severe conditions caused a ductile-to-
brittle wear transition, crack initiation, and reinforcement
fragmentation, indicating that WC content significantly
governs the wear mechanism and overall durability of the
composites.
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