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ABSTRACT 

Composite metal foams are an attractive solution due to their high specific energy absorption, 

thermal and sound insulation properties. Most manufacturing processes involve the inclusion 

of air or solid particles, that are posteriorly, removed to generate internal voids. However, 

there is a recent trend for the use of materials as permanent space holders. In this study, 

Lightweight Expanded Clay (LECA) is used as a space holder to obtain a metal matrix 

composite foam manufactured by casting (AlSi7Mg). Results show that smaller LECA 

particles promote lower yield strength, strain densification and crushing energy. Generally, it 

is found that this kind of composites show high values of specific compressive strength and 

may be a viable solution for structural applications. 

Keywords: aluminium, CMF, expanded clay, lightweight. 

 

INTRODUCTION 

Composite metal foams (CMF) have been the focus of many studies since the late 1920’s (e.g. 

Meller, 1926). Historically, it was found that bulk metals could be converted into a cellular 

form to obtain high specific characteristics (Czekanski, 2005) such as: energy absorption 

(Chen, 2015), thermal (Dyga, 2012) and improved damping (Lamanna, 2017). These 

properties are attractive in many applications, especially in railway, aeronautic, aerospace and 

automotive industries, due to their direct influence in energetic consumption (Bonani, 2014). 

Generally, these materials are produced using light-alloys, such as those based on Magnesium 

and Aluminium, and may be processed by gas injection in their melt, powder metallurgy or 

investment casting by the use of space holders (Banhart, 2013). On these last, it is common to 

use soluble materials such as salt (Vesenjak, 2016) or Carbamide (Bafti, 2013) that are later 

removed by immersion in water (Soni, 2015). However, there is a recent trend to use low 

density hollow spheres as a permanent space holder. These allow a very easy 

control/manipulation of density and pore size/shape, which have a crucial role in the overall 

mechanical properties (Nayyeri, 2017). Commonly, there are employed steel hollow spheres 

to accomplish this task, due to their inherent structural strength, capability of being densely 

packed and regular shape (Avila, 2015). 

Recent publications show another route to fabricate these kind of materials by the use of 

Lightweight Expanded Clay (LECA) as a permanent space holder (Bonani, 2014). Due to its 
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high porosity, these particles possess low density and reduced cost. Additionally, they are 

characterized by good thermal and acoustic insulation (Ardakani, 2014), are chemically inert 

and have been proved to be an excellent filler in concrete composites (Hubertová, 2013). 

Even though, there are reports concerning these metallic cellular composites, there seems to 

be a shortage of detailed information concerning their mechanical characterization and 

possible applications.  

In this study, the use of LECA is used as a permanent space holder in casted aluminium alloy 

composite foams. The referred samples were produced into cylindrical shapes using different 

LECA particle sizes and composite densities. These manufactured specimens were subjected 

to compressive testing to determine the influence of particle size and sample density in the 

overall static mechanical. 

 

METHODOLOGY 

In this section, there are described the procedures for the manufacturing, experimental 

characterization and comparison criteria for the determination of the influence of LECA 

particle size and sample density in the static mechanical behaviour of the described composite 

foams. 

 

(i) Materials  

LECA selection and dimensional characterization 

Lightweight expanded clay is by itself composed by a solid clay composition that was filled 

and expanded with gas bubbles and has a generic clay composition described in Table 1. 

 

Table 1 - LECA Chemical Composition 

Composition SiO2 Al2O3 Fe2O3 K2O CaCO3 MgO S Other 

Value (%) 61.95 17.91 8.18 3.90 5.39 1.38 0.57 Balance 

         

With the objective of determining the role of particle diameter and sample density in the static 

mechanical behaviour of this kind of composites, there were selected three sizes of LECA 

particles with a nominal diameter of 2, 3.5 and 6 mm (Figure 1). 

 

 

Fig. 1 - Comparison between three LECA particle diameters. 
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The cumulative probability normal distribution of LECA size and real mean sample diameter 

may be observed, respectively, in Figure 2 and Table 2. These particles that were used for the 

sample manufacturing are fairly uniform and reveal very approximate to the announced 

nominal diameter. 

 

Fig. 2 - Cumulative normal distribution of the LECA particles. 

 
Table 2 - LECA Particles real diameter. 

Nominal Diameter Real Diameter STD Deviation 

2 2.02 0.52 

3.5 3.49 0.50 

6 5.86 0.46 

 

Aluminium Alloy 

The composition of the commercially available AlSi7Mg alloy used in this work was 

evaluated by Optical Emission Spectrometry and is presented in Table 3. 

 

Table 3 - Aluminum alloy chemical composition. 

Alloy 
 Chemical Composition (%wt) 

Si Fe Mg Cu Mn Zn Ti Al Res. 

AlSi7Mg 7.44 0.13 0.58 0.07 0.07 0.05 0.11 Bal. 0.12 

 

ii) Experimental Procedure 

Figure 3 shows the experimental set-up used in the present work. The AlSi7Mg was melted 

and held inside the crucible at 700 ºC during 30 minutes for homogenization. The molten 

alloy was then degassed by Argon for 5 minutes and refined by addition of 0.2% of master 
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alloy (Al5Ti1B). Melt temperature was controlled within an accuracy of ±2 ºC. After 20 

minutes, the alloy was poured in the steel die (OD 40 mm) filled with expanded clay pre-

heated to 350 ºC. For all experimental condition there were poured 5 samples by the gravity 

casting.  

 

Fig. 3 - Composite production schematics. 

 

iii) Samples Characterization 

Density 

As-cast samples were machined to a final geometry OD 30 mm and cut into 30 mm length 

samples. The density of the metallic cellular composites was determined by measuring their 

final dimensions with a caliper (Mitutoyo Digimatic 500-170, accuracy 0.01 mm), to calculate 

sample volume, and determining their mass (VIBRA AJ-620 CE, accuracy 0.001 g). The final 

values of density was obtained by the simple algebraic ratio between sample mass and 

volume.  

Mechanical tests 

The produced samples were subjected to static uniaxial compression tests using an AMTEK 

LR50K Plus universal testing machine with a crosshead speed of 1 mm/min, a 50N pre-stress 

and stopped when a maximum 50kN load was reached. During the test, the dislocations and 

loads were recorded to calculate the instant values of sample strain and stress. 

 

RESULTS AND DISCUSSION 

Figure 4-a) shows the final shape of a produced cylindrical specimen. It may be observed that 

the highly machinability of the aluminium alloy generates a smooth finishing, while the 

fragile behaviour of the LECA particles promotes roughness by the collapse of their foamed 

interior. 
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Fig. 4 - Composite sample representation: a) post machined sample; b) top face particle distribution; c) three-

dimensional open cell detail; d) particle interaction schematics. 

 

Even though, the LECA particles were constrained by a steel net during the production 

process (see Figure 3), their low density (~0.27-0.55 g/cm
3
) compared with the liquid 

aluminium alloy (~2.40 g/cm
3
) and the overall turbulence during filling, generates a mixed 

open/closed cellular structure. Recurring to Figure 4-b), it may be observed that particles in 

contact promote an open structure, while the ones apart make a closed cell, this being further 

validated by Figure 4-c). In these last, it is clear that even a particle that seems to be a closed 

cell, may be in contact with another when a three-dimensional prospection is adopted. The 

complex process of particle dislocation during filling is represented in Figure 4-d). Initially, 

the LECA particles are in contact, promoting an open cell structure. However, due to 

turbulence and density mismatch they can move and if the compaction loads are not able to 

compensate these effects there is a tendency to form closed cell cellular structures. 

According to the samples dimensions and weight detailed in Table 4, there were calculated 

the values of density for the tested specimens. It may be observed that lower LECA particle 

diameters promote higher densities. These may be attributed to two main reasons: i) the lower 

absolute weight of smaller particles and ii) the higher standard deviation among smaller 

particle diameters (Table 2). The first motive implicates that smaller particles are more 

susceptible for dislocation during the aluminium alloy filling, while the second eases the 

progression of this flow. Thus, there is a slightly more elevated aluminium concentration of 

aluminium alloy concentration in the particle-particle boundaries. 

 

Table 4 - Sample average size, weight and density. 

Diameter 

(mm) 

Sample 

Diameter (mm) 

Sample 

Height (mm) 

Sample Weight 

(g) 

Density 

(g/cm
3
) 

Relative 

Density 

2 30,09 (± 0.21) 23,95 (± 0.09) 24,75 (± 0.53) 1,45 0.53 

3.5 30,07 (± 0.10) 31,00 (± 0.15) 29,93 (± 0.70) 1,36 0.50 

6 29,76 (± 0.20)     30,58 (± 0.17) 28,34 (± 0.90) 1,33 0.49 

 

Figure 5 represents the average composite stress-strain behaviour of the different particle 

diameter under uniaxial compression. It is clear that the particle, and consequently the 

density, has a primary role in the mechanical performance of the presented cellular material. 

However, all tested configurations present the three different stages that characterized a foam 

structure under compression. 



Topic-D: Composite and Advanced Materials 

 

 

-640- 

 

Fig. 5 - Compressive stress-strain behaviour for different particle diameter. 

Initially the sample is balanced and is only constrained by a pre-load (Figure 6-a) that is 

negligible according to the point (a) in Figure 5. As small strains are imposed in the specimen, 

there is a proportional linear increase in stress values until the sample yields. Figure 6-b 

shows a post-yielded sample, in which its internal cellular structure is starting to progressively 

collapse in a secondary phase generally denominated plateau region. In this region, the 

internal ribs collapse by combined complex loading (Figure 6-c) states and, generally, 

although the values of strain are increased, the stress is fairly stable. During these phase, the 

internal structure of the LECA particles are also crushed by severe aluminium rib plastic 

deformation, losing their initial spherical cell stable configuration. Further increasing the 

referred compression strain implies that the original cellular LECA internal structure is lost 

and the remaining clay densifies as the aluminium cells tend to close (Figure 6-d). 

 

 

Fig. 6 - Example of sample behaviour during uniaxial compression test. 

Interpreting the data of Figures 5 and 6, it is possible to characterize the mechanical behaviour 

of this kind of composites (Table 5). It is apparent that an increase in particle diameter 

generates an elevation in yield strength, although the overall density is reduced. Given that the 

packing of LECA particles is similar for all diameters, this increase in elastic strength may be 

attributed to an increase of cellular rib thickness in absolute terms.    
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Table 5 - Detailed results of the uniaxial compression testing. 

LECA 

Diameter 

(mm) 

σy 

 Yield Strength 

 (MPa) 

Plateau 

Equation 

Plateau Stress 

STD Deviation 

(MPa) 

εd 

Densification 

Strain ( - ) 

Crushing 

Energy 

(J/m
3
) 

2 13.72 σ=58.67·ε +9,80 0.92 0.41 7.65 

3.5 18.95 σ=19.09·ε +15,74 1.21 0.42 8.42 

6 26.02 σ=29.52·ε +21,01 1.50 0.44 12.09 

This hypothesis is further supported by the analysis of the plateau region. Due to the higher 

loading support ability of thicker ribs, the composites with higher particle diameter provide a 

near constant stress plateau, due to a well distributed thru-length loading. Lower particle 

dimensions imply a localised deformation, in which the different cellular layers are collapsed 

progressively. This generates a gradual increase in stress, proved by the high slope in these 

samples plateau equation. However, this steady densification generates a smooth collapse, as 

shown by the data concerning the stress standard deviation relatively to the defined plateau 

equations. 

In terms of densification, the use of smaller particle and its increase in density due to further 

penetration of aluminium alloy during the casting process, seem to reduce the densification 

strain. Given that the cellular structure is only able to collapse until all LECA filled cells are 

crushed, as the relative amount of these structures is decreased, so does the allowable 

admitted deformation for this process to occur. 

Finally, in terms of energy absorbing capability of these composites, it is apparent that an 

increase of particle size is advantageous to elevate the crushing energy until the densification 

strain. This fact is further corroborated by the elevation in yield strength and constant plateau, 

where most deformation energy is absorbed. 

 

CONCLUSIONS 

Composite metallic foams have been produced recurring to LECA particles as a space holder 

to obtain a low cost cellular structure. It is shown that a successful procedure to manufacture 

such composites by gravity casting. This work explores the role of particle diameter in the 

overall composite density and mechanical behaviour. 

In conclusion, the different LECA diameters have a predominant role in the density and 

overall mechanical behaviour of the final composites. Generally, it is shown that smaller 

particles generate higher densities and consequently a reduction in the value of strain 

densification. Additionally, the use of higher particle diameter generates an elevation in yield 

strength and a more constant stress value during the plateau region. The referred mechanical 

characteristics allow higher values of crushing energy absorption in more elevated particle 

diameters. 
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