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Abstract

Hybrid aluminum composite foams have emerged as advanced lightweight engineering materials due to their superior
mechanical strength, low density, enhanced energy absorption capability, and excellent thermal stability. These
materials are widely utilized in aerospace, automotive, defense, marine, and structural engineering sectors. The
incorporation of ceramic reinforcements such as silicon carbide (SiC), titanium diboride (TiB2), alumina (Al2Os), and
fly ash into aluminum matrices significantly improves the physical, mechanical, and morphological properties of the
composite foam. This review paper presents a comprehensive investigation into the fabrication techniques, physical
characteristics, mechanical behavior, and microstructural properties of hybrid aluminum composite foams. The
influence of reinforcement particles, porosity, foam morphology, and processing parameters on the overall
performance of the composites has also been critically analyzed. The study concludes that hybrid aluminum composite
foams offer significant potential for lightweight structural applications where high strength-to-weight ratio and impact
resistance are required.
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1. Introduction

The increasing demand for lightweight and high-strength materials in modern engineering applications has accelerated
the development of metal matrix composite (MMC) foams. Aluminum-based hybrid composite foams are considered
highly attractive because of their low density, corrosion resistance, recyclability, and superior mechanical
performance. Hybridization through multiple reinforcements enhances the structural and functional characteristics of
the material.

Among aluminum alloys, AA7075 is widely used due to its high strength and excellent machinability. Reinforcement
materials such as silicon carbide (SiC) and titanium diboride (TiB:) improve hardness, wear resistance, stiffness, and
thermal stability. Aluminum composite foams additionally exhibit excellent energy absorption and vibration damping
properties due to their porous structure.

Recent advancements in powder metallurgy, stir casting, and space-holder techniques have enabled the fabrication of
uniform and stable foam structures. This review summarizes various investigations related to physical, mechanical,
and morphological characteristics of hybrid aluminum composite foams.
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2. Hybrid Aluminum Composite Foam

Hybrid aluminum composite foam consists of:

Component Function

Aluminum Alloy Matrix Base structural material
Reinforcement Particles Improve strength and wear resistance
Foaming Agent Generates porous structure

Space Holder Controls pore size and distribution

Common aluminum alloys used include AA6061, AA7075, and A356 alloys.

3. Fabrication Techniques
Several fabrication techniques are employed in the manufacturing of hybrid aluminum composite foams.
3.1 Stir Casting Method

This method involves stirring reinforcement particles into molten aluminum followed by addition of a foaming agent.

Advantages

. Economical

. Suitable for mass production

. Uniform reinforcement distribution
Limitations

. Agglomeration of particles

o Difficulty in pore control

3.2 Powder Metallurgy Technique
Powder metallurgy provides better control over porosity and microstructure.

Process Steps

1. Mixing of metal and reinforcement powders
2. Compaction
3. Sintering
4. Foaming
Benefits
. Uniform pore distribution
. Enhanced mechanical properties
. Improved dimensional accuracy
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3.3 Space Holder Technique

Temporary particles such as NaCl or carbamide are added and later removed to create pores.

Space Holder Material Pore Characteristics

NaCl Uniform interconnected pores
Carbamide Fine pore distribution
PMMA Controlled porosity

4. Physical Properties of Hybrid Aluminum Composite Foam

Physical properties determine the suitability of composite foam for structural applications.
4.1 Density

Density decreases with increasing porosity.

Material Composition Density (g/cm?)

Pure AA7075 2.81

AA7075 + SiC 2.75

AA7075 + SiC + TiB:2 Foam 1.80-2.20

Low density contributes to improved fuel efficiency in transportation systems.
4.2 Porosity

Porosity significantly affects foam behavior.

Types of Porosity
. Open-cell porosity
. Closed-cell porosity

Porosity Level ~ Characteristics
Low (10-20%) High strength
Medium (20—40%) Balanced properties

High (>40%) Excellent energy absorption
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4.3 Thermal Conductivity

Hybrid reinforcement generally reduces thermal conductivity due to pore formation and ceramic particle presence.

Reinforcement Thermal Conductivity Trend

SiC Moderate reduction
TiB- Improved thermal stability
Fly Ash Significant reduction

5. Mechanical Properties

Mechanical properties are highly influenced by reinforcement type, pore morphology, and manufacturing process.
5.1 Compressive Strength

Compression behavior is one of the most important properties of aluminum foam.

Composite Type Compressive Strength (MPa)

Pure Aluminum Foam 20-35

AA7075/SiC Foam 45-70

AA7075/SiC/TiB2 Foam 60-95

The presence of TiB: improves load-bearing capability.
5.2 Hardness

Hard ceramic reinforcements increase hardness substantially.

Material Hardness (HV)
AA7075 Alloy 110
AA7075+ SiC 135

AA7075+ SiC + TiB2 155-180

5.3 Wear Resistance

SiC and TiB: particles improve abrasion resistance and reduce material loss.
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Factors Affecting Wear

. Reinforcement content
o Sliding speed
. Applied load
. Pore structure
5.4 Energy Absorption

Hybrid composite foams possess excellent crashworthiness properties.

Foam Structure Energy Absorption
Closed-cell Foam High impact resistance

Open-cell Foam Good damping behavior

Applications include:

. Automotive crash absorbers
. Aircraft impact panels
. Protective structures

6. Morphological Properties
Morphology greatly influences foam performance.
6.1 Microstructural Analysis

Scanning Electron Microscopy (SEM) is widely used to examine:

. Pore distribution
. Reinforcement dispersion
. Crack formation
. Interfacial bonding
Observations
. Uniform reinforcement improves strength
. Particle clustering weakens the matrix
. Fine pores enhance energy absorption

6.2 Grain Structure

TiB: acts as a grain refiner in aluminum alloys.

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM62914 | Page 5


https://ijsrem.com/

£ 2%

e b
§ IISREM . . iy . . .
««ma 87 International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 10 Issue: 05 | May - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

Reinforcement Grain Effect

SiC Grain strengthening
TiB- Grain refinement
AlOs Grain stabilization

6.3 Fracture Morphology

Typical fracture mechanisms include:

. Brittle fracture

o Ductile tearing

. Particle pull-out

o Crack propagation through pores

SEM images reported in literature reveal that hybrid reinforcements suppress crack growth.
Applications of Hybrid Aluminum Composite Foam

Industry  Application

Aerospace  Lightweight panels

Automotive Crash absorbers

Defense Blast-resistant structures

Marine Corrosion-resistant components

Construction Sandwich structures

Challenges and Limitations

Despite numerous advantages, several challenges remain.

Major Challenges
. Non-uniform pore distribution
. Agglomeration of reinforcement particles
o High fabrication cost
. Difficulty in large-scale production

Future Research Directions
Future investigations should focus on:

. Nano-reinforced aluminum foams
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. Additive manufacturing techniques
. Optimization using artificial intelligence
o Sustainable reinforcement materials
. High-temperature performance analysis
Conclusion

Hybrid aluminum composite foams represent a promising class of lightweight structural materials with superior
physical, mechanical, and morphological properties. Reinforcements such as SiC and TiB: significantly improve
compressive strength, hardness, wear resistance, and energy absorption capability. Fabrication methods like powder
metallurgy and stir casting play a critical role in determining pore morphology and reinforcement distribution.
Morphological studies using SEM reveal strong interfacial bonding and refined grain structures in hybrid composites.
Although manufacturing challenges remain, ongoing research and technological advancements are expected to further
enhance the applicability of aluminum composite foams in advanced engineering sectors.
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