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ABSTRACT:

Aluminium metal foam is a lightweight, porous material gaining popularity for its unique properties, making it ideal
for various industries. This review paper deals about how aluminium foam is made, its key features, and its growing
uses in fields like aerospace, automotive, and construction. Created through methods like gas injection or melting
processes, aluminium foam has a sponge-like structure that makes it strong yet lightweight, great for absorbing
energy, insulating heat, and noise suppression (acoustic). Its adjustable porosity allows it to be moulded for specific
needs, such as crash protection in cars or lightweight building panels. Recent improvements in production have
made it stronger and easier to manufacture, tackling past issues like high costs. This paper looks at how production
techniques affect its structure and performance, while exploring new trends, like using aluminium foam in eco-
friendly designs and advanced composites (layers). Unlike conventional alternatives, aluminium foam champions
sustainability and adaptability, heralding a new era of green engineering.

KEYWORDS: Aluminium metal foam; Lightweight materials; Porous materials; Aerospace; Automotive;
Construction.

by Gibson and Ashby, whose scaling relationships
between relative density and mechanical, thermal, and
acoustic properties remain the standard reference point
for foam design [4,5].

1. INTRODUCTION

Metal foams are cellular structures composed of a solid
metal matrix with a large volume fraction of gas-filled
pores, giving them a unique combination of low
density, high stiffness-to-weight ratio, and
multifunctional performance not available in the
corresponding fully dense metal [1,2]. Among the metal
foam family, aluminium foam has emerged as the most

Since the first forming process for porous aluminium
was proposed by Sosnick in 1948, aluminium foam
fabrication has developed along two principal routes:
the melt (liquid-metallurgy) route, in which molten
aluminium is expanded by direct gas injection or by a

widely commercialised and studied variant, owing to
aluminium's low density, favourable castability, and
natural oxide-layer corrosion resistance [2,3]. The
foundational theoretical framework for understanding
cellular solids, including metal foams, was established
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blowing agent, and the powder-metallurgy route, in
which a compacted aluminium-powder precursor
containing a foaming agent is heated into the semi-solid
state to release gas and expand [6,7]. These processing
choices directly govern the resulting cell structure —
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pore size, cell-wall thickness, open- versus closed-cell
morphology — and consequently the mechanical,
thermal, and acoustic performance of the finished foam
[8,9].

This review examines how aluminium foam is
manufactured, its key structural and physical
characteristics, and its growing range of applications in
the aerospace, automotive, and construction sectors.
Particular attention is given to the relationship between
production route and resulting cell architecture, the
mechanisms underlying aluminium foam's favourable
energy-absorption, thermal-insulation, and acoustic-
suppression properties, and emerging trends in
sandwich-composite integration and sustainable,
weight-reducing engineering design.

2. FABRICATION ROUTES

2.1. Melt (Liquid-Metallurgy) Route

In the melt route, aluminium foam is produced either by
directly injecting gas bubbles into molten aluminium or
aluminium-alloy melt (commonly stabilised with a
fraction of SiC or AI203 particles to control drainage),
or by stirring a foaming agent — typically titanium
hydride (TiH2) — into the melt, which decomposes on
heating to release hydrogen gas and expand the melt
into a foam prior to solidification [6,7,10].
Commercially, the direct-gas-injection route (marketed
as Cymat/Alcan foam) and the melt-foaming-agent
route (marketed as Alporas) are the two dominant
closed-cell production processes, each yielding a
distinct cell-size distribution and cell-wall morphology
[9,10].

2.2. Powder-Metallurgy Route

The powder-metallurgy route consolidates aluminium
(or aluminium-alloy) powder blended with a particulate
foaming agent, typically TiH2, into a dense precursor
by compaction and, where required, hot extrusion; the
precursor is then reheated into the mushy semi-solid
state, at which point the foaming agent decomposes and
the released gas expands the softened metal into a
cellular structure that is subsequently cooled to lock in
the foam morphology [6,11]. Powder-metallurgy-
derived aluminium foams have been shown to offer
high pore connectivity and are particularly well suited
to producing near-net-shape components directly by hot

extrusion and foaming, and to recycling aluminium
scrap into foam-grade feedstock [1,12].

2.3. Space-Holder and Investment-Casting Routes

Open-cell aluminium foams, in which pores are
interconnected, are most commonly produced via a
space-holder technique, in which a sacrificial
particulate filler (for example, sodium chloride or
carbamide/urea particles) is blended with aluminium
powder or infiltrated with molten aluminium,
compacted, and subsequently leached out with water or
removed thermally to leave a network of interconnected
pores [3,13]. Investment casting using a polymer or wax
sponge as a sacrificial pattern, and -electrolytic
deposition or vapour-deposition routes onto a polymer
sponge precursor, represent further open-cell
fabrication strategies used to access specific pore
architectures for applications such as filtration, heat
exchange, or additive-manufacturing-assisted lattice
geometries [1,14].

2.4. Effect of Fabrication Route on Cell Structure

The selection of fabrication route depends primarily on
the pore structure required for the target application: an
open-cell architecture is generally favoured where fluid
or air permeability is required (heat exchangers, filters),
and is most readily achieved via the space-holder or
powder-metallurgy route, whereas a closed-cell
architecture, which offers superior load-bearing and
energy-absorption characteristics because isolated
pores prevent direct load paths through voids, is
generally achieved via the melt or gas-injection route
[3,15]. Increasing porosity in aluminium foam has been
shown to be directly proportional to energy-absorption
capacity but inversely proportional to compressive
strength, establishing a fundamental design trade-off
that governs foam selection for a given application
[13,16].
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Figure 1: Schematic overview of aluminum metal foam
showing (A) concept, key features and benefits, and (B)
fabrication routes and major applications.

3. STRUCTURAL
PROPERTIES

AND MECHANICAL

3.1. Compressive Behaviour and the Stress-Strain
Plateau

The compressive stress-strain response of aluminium
foam is characterised by an initial linear-elastic region,
followed by an extended, nominally constant-stress
plateau region corresponding to progressive cell-wall
buckling and collapse, and finally a densification
regime in which the collapsed cell structure compacts
and stress rises sharply [4,17]. This long, near-constant-
stress plateau is the key mechanism underlying
aluminium foam's high specific energy-absorption
capacity, since it allows the material to absorb
substantial mechanical energy at a controlled, near-

constant force level relevant to crash and blast-
mitigation design [17,18].

3.2. Relative Density Scaling and Design Models

The Gibson-Ashby scaling model relates foam
mechanical properties (relative modulus, relative
collapse strength) to relative density through power-law
relationships derived from idealised cell-wall bending
and buckling mechanics, providing a widely used first-
order design and material-selection framework for
metal foams despite the fact that most unit-cell-based
models assume idealised, defect-free cells and do not
capture the influence of the microstructural defects and
cell-wall irregularities present in real, manufactured
foams [4,5,19]. Comprehensive design guidance
synthesising these scaling relationships alongside
sandwich-structure and case-study data has been
compiled into a widely referenced metal-foam design
guide [9].

3.3. Reinforcement and Property Enhancement

The compressive strength and energy-absorption
capacity of aluminium foam can be further enhanced
through the addition of ceramic reinforcement particles
— boron carbide (B4C), alumina (Al203), and silicon
carbide (SiC) have all been incorporated into open-cell
aluminium foams produced by the space-holder
technique, improving mechanical performance relative
to the unreinforced foam of equivalent porosity [13].
Because a foam-forming process's mechanical strength
is highly sensitive to compaction pressure, sintering
temperature, and sintering time in powder-metallurgy
routes, careful process-parameter control is an equally
significant lever for property enhancement alongside
compositional reinforcement [11,12].

4. THERMAL AND ACOUSTIC PROPERTIES

Beyond mechanical performance, aluminium foam's
cellular structure confers favourable thermal and
acoustic characteristics that support its use in
multifunctional engineering applications. Open-cell
aluminium foam offers high internal surface area per
unit volume, giving it strong convective heat-transfer
characteristics that have been extensively analysed for
compact heat-exchanger applications [20]. The same
cellular  architecture provides effective sound
absorption and vibration damping, with theoretical and
experimental studies of sound absorption in metallic



Rungta Int. J. Mech. and Auto. Tech.. 3(1): March 2026

foams identifying pore size, porosity, and cell-wall
permeability as the principal parameters governing
acoustic performance across the audible frequency
range [21,22]. These combined thermal-insulation and
acoustic-suppression characteristics, alongside
mechanical energy absorption, are what position
aluminium foam as a genuinely multifunctional
structural material rather than a purely lightweight
substitute for solid metal.

5. APPLICATIONS

5.1. Automotive Applications: Crashworthiness

The automotive sector is the most mature application
area for aluminium foam, principally in crash-energy
management. Aluminium-foam-filled crash boxes and
thin-walled tubes have been extensively studied by
finite-element and experimental methods, with double-
wall foam-filled crash-box configurations shown to
offer improved specific energy absorption relative to
single-wall equivalents [23,24]. Aluminium-foam-
sandwiched crash boxes optimised jointly by finite-
element analysis and artificial-neural-network
modelling have demonstrated further improvements in
energy-absorption efficiency for vehicle occupant-
safety applications [24], and foam-filled car-threshold
and side-impact structures have been shown to reduce
occupant injury risk in side-pole impact scenarios
through improved energy-absorbing characterisation of
foam porosity [25].

5.2. Aerospace and Marine Applications

In aerospace and marine structures, aluminium foam
sandwich panels — comprising a foam core bonded
between two dense aluminium face sheets, typically via
metallurgical bonding or adhesive lamination — offer a
high stiffness-to-weight ratio alongside vibration
damping and blast/impact resistance, and have been
proposed for aircraft fuselage, wing, and tail-wing
panels as well as ship-plate and rail-vehicle body
applications [26,27]. Indentation-resistance studies of
metallurgically bonded aluminium foam sandwich
panels under low-velocity impact have quantified the
influence of panel thickness and core density on energy-
absorption performance, supporting design
optimisation for these structural applications [26].

5.3. Construction Applications

In construction, aluminium foam's combination of light
weight, thermal insulation, and acoustic damping
supports its use in lightweight building panels, partition
walls, and cladding systems where reduced structural
dead load and improved thermal/acoustic performance
are simultaneously desirable [2,9]. Corrugated-core and
sandwich-panel architectures incorporating aluminium
foam filling have been shown experimentally to
improve crashworthiness and impact resistance relative
to unfilled corrugated panels, a property relevant to both
structural safety and protective cladding applications
[28].

6. COMPARATIVE SUMMARY

Table 1 summarises representative aluminium foam
fabrication routes and their principal resulting
characteristics, compiled from the literature surveyed in
Sections 2—5. The compiled evidence indicates that
melt and gas-injection routes are best suited to closed-
cell, load-bearing and energy-absorbing applications,
powder-metallurgy and space-holder routes are best
suited to open-cell applications requiring fluid
permeability, and that reinforcement with ceramic
particulates or careful process-parameter control can
further tailor mechanical performance within either
route.

Table 1: Representative aluminium foam
fabrication routes and their principal resulting
structural characteristics.

Fabrication Route | Typical Cell | Key Characteristic | Ref.

Structure
Direct gas injection | Closed-cell High-throughput, 6,10
(Cymat) continuous production
Melt + blowing Closed-cell Fine, uniform cell 7,10
agent (Alporas) structure
Powder metallurgy | Closed-cell Near-net-shape, [6,11,12]
+ foaming agent recyclable feedstock
Space-holder (salt/ | Open-cell Interconnected 3,13
urea leaching) porosity, permeable
Investment casting /| Open-cell | Complex, tailorable | 1,14
sponge replication pore architecture
Ceramic-reinforced Open- or |Enhanced compressive| 13
(SiC, B4C, A1203) | closed-cell strength

7. CHALLENGES AND LIMITATIONS

7.1. Process Variability and Structural Defects

Aluminium foam production remains a technically
challenging process owing to the simultaneous
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coexistence of solid, liquid, and gaseous phases at
different  temperatures during foaming, and
manufactured foams frequently exhibit macro- and
unit-cell-scale structural imperfections — cell-wall
thickness variation, curvature, and missing or fractured
cell walls — that are not captured by idealised unit-cell
design models and that measurably reduce mechanical
performance relative to theoretical predictions [1,19].

7.2. Production Cost

Despite recent process improvements, aluminium foam
production remains comparatively expensive relative to
solid aluminium components, since present
manufacturing routes are largely small-batch and time-
and labour-intensive; achieving cost parity with
conventional lightweight alternatives at industrial
production volumes remains an important barrier to
broader adoption [9,29].

7.3. Property Reproducibility

Because foam properties are highly sensitive to
processing parameters (foaming-agent concentration,
temperature profile, cooling rate) and to the resulting
pore-size distribution, mechanical and acoustic
properties reported across independent studies for
nominally similar aluminium foams show meaningful
scatter,  complicating  direct  design-allowable
comparison and motivating continued development of
standardised characterisation protocols [8,19].

8. FUTURE DIRECTIONS

Based on the compiled evidence, three directions
appear most promising for the continued development
of aluminium metal foam. First, further refinement of
powder-metallurgy and space-holder processing
parameters, building on demonstrated improvements in
pore connectivity and recyclability, should help reduce
production cost and improve reproducibility at
industrial  scale [1,11,12]. Second, continued
integration of aluminium foam into metallurgically
bonded and adhesively laminated sandwich-panel
architectures for aerospace, automotive, and
construction structures represents a mature and rapidly
advancing application direction, particularly as finite-
element and machine-learning-assisted  design
optimisation methods mature [24,26]. Third, further
exploration of aluminium foam within advanced
composite and multi-material sandwich systems,

combined with a continued focus on sustainable,
energy-efficient production routes, is likely to reinforce
aluminium foam's role in green, weight-reducing
engineering design across multiple industries [2,28].

9. CONCLUSION

The principal conclusions of this compiled review are
as follows:

* Aluminium metal foam offers a distinctive
combination of low density, mechanical strength,
energy-absorption capacity, thermal insulation, and
acoustic suppression, arising from its tunable, sponge-
like cellular structure.

o Fabrication route — melt/gas-injection versus
powder-metallurgy/space-holder — directly governs
whether the resulting foam is closed-cell (favouring
load-bearing and energy-absorption applications) or
open-cell (favouring fluid-permeable applications such
as heat exchange and filtration).

* The extended, near-constant-stress plateau in
aluminium foam's compressive stress-strain response is
the key mechanism underlying its high specific energy-
absorption capacity, of central importance to
automotive crashworthiness applications.

* Increasing porosity raises energy-absorption capacity
but reduces compressive strength, establishing a
fundamental design trade-off; this trade-off can be
partially offset through ceramic-particle reinforcement
or optimised processing parameters.

* Aluminium foam and aluminium foam sandwich
panels are already established in automotive crash-
energy management and are expanding into aerospace,
marine, and construction applications, with process
variability, = production  cost, and  property
reproducibility remaining the principal barriers to still
broader industrial adoption.
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