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The results of this study highlight the role of foaming agent and processing route in influencing the contamination of cell wall
material by side products, which, in turn, affects the macroscopic mechanical response of closed-cell Al-foams. Several kinds of
Al-foams have been produced with pure Al/Al-alloys by the Alporas like melt process, all performed with and without Ca additive
and processed either with conventional TiH2 foaming agent or CaCO3 as an alternative one. Damage behavior of contaminations
was believed to affect the micromechanism of foam deformation, favoring either plastic buckling or brittle failure of cell walls.
No discrepancy between experimental values of compressive strengths for Al-foams comprising ductile cell wall constituents and
those prescribed by theoretical models for closed-cell structure was found while the presence of low ductile and/or brittle eutectic
domains and contaminations including particles/layers of Al3 Ti, residues of partially reacted TiH2 , and Ca bearing compounds,
results in reducing the compressive strength to values close to or even below those of open-cell foams of the same relative density.

1. Introduction
Remarkable absorbing ability resulted from capacity of
closed-cell aluminum foams to undergo large strains (up to
60–70%) under almost constant stress offers significant performance gains for crash protection and other applications
where effective utilizations of impact energy are required [1].
For instance, in aluminum foam sandwich (AFS) structures
composed of metal/ceramic coversheets and Al-foam core,
the last one is an efficient impact energy absorber that limits
accelerations in crash accidents, providing crash protection
for terrestrial and marine vehicles [2, 3]. That is why there
has been an extensive interest in the production [1, 4–10] and
mechanical performance of Al-foams [11–16].
Despite continuous efforts, the production processes for
Al-foams suffer technical and economical limitations. As
applied to the high-usage production methods based on
handling of a melt and powder compact technique [4, 10] economical limitation arises particularly due to the employing of
costly conventional foaming agent, titanium hydride (TiH2 ).

In addition, expensive granulated Ca used as thickening
agent contributes in material cost of Al-foam produced by
conventional melt processing like Alporas route [17] while
rather expensive gas atomized Al/Al alloy powder leads to
increasing the material cost of the precursor and therefore
products manufactured via powder compact technique [4,
10]. Because of this there is a strong motivation to develop
cost effective processing routs. At this point cheap calcium
carbonate (CaCO3 ) as alternative foaming agent has been
originally proposed by the researches in Japan in the developing the Alporas route [6] and later its applicability has
been extended for powder compact technique [5, 6, 9]. In
addition, melt processing like Alporas route that provides
the increasing melt effective viscosity with no admixture of
granulated Ca has been recently developed [18]. Nevertheless,
transfer of Al-foam in engineering practice cannot be done
without a detailed knowledge of the Al-foam properties
(including mechanical ones) and limits of foaming processes.
It is of common knowledge that the most important
microstructural feature affecting the mechanical properties
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is relative density, the ration of density of the foam to that
of the solid, 𝜌/𝜌𝑠 . Several approaches based on an idealized
representation of a defect-free cellular structure have been
developed for interpreting mechanical behavior of foams.
Among those are the high-usage approaches for describing
mechanical properties of ideal open- and closed-sell foams
which are summarized in [11]. The simplest approach is
based on dimensional arguments and gives the dependence
of properties on relative density and on cell wall properties
but not on cell geometry [19]. The complex cell geometry
of foams is difficult to model accurately. At this approach
the constants relating to cell geometry are usually found by
fitting the model equations to experimental data. The second
method that approximates the unit cell as tetrakaidecahedron
is capable of estimating geometrical constants by using either
structural mechanics or finite element analysis [20–23]. The
third approach based on spatially periodic arrangement
of several random Voronoi cells by using finite element
analysis [24] provides the best representation of foams cell
geometry. Cell unit with flat faces are usually used in the
models.
However, the actual profile of mechanical properties for
real Al-foams is far removed from theoretical predictions
based on idealized representations of defect-free cellular
materials [11]. In particular, a number of available cellular
materials and especially closed-cell foams yield at a relatively
strength that is lower than that predicted by theoretical
models [11, 19]. The scattering of the mechanical properties
impedes practical applications of foams [25, 26].
It is commonly considered that disagreements between
experimental results and theoretical predictions arise due
to different structural imperfections existing in real metallic
foams. Combination of synchrotron X-ray microtomography
and mechanical analysis including finite element simulation elucidates the influence of structural imperfection on
mechanical performance of foams [11, 27–32]. In particular, deformation mechanism of foams depends strongly on
the cell morphology whilst the effect of the cell size is
negligible [27, 29, 32]. Irregularities in the cell shape on
mesoscopic level can induce localized bending. For instance,
X-ray microtomography indicates that highly elliptical cells
with T-shape can induce bending in the neighboring cell
walls, initiating the collapse of deformation bands [11, 27].
Finally, curvature and corrugation of cell faces [26, 28] and
micropores and their spatial distribution in cell walls [33] as
well as nonhomogeneous density distribution [29, 34] and
fractured cell walls [11, 35] are considered to be the key
factors in control of mechanical behavior of aluminum foams.
However, it is difficult to quantify the precise significance
of these factors because of microscopic features such as
foreign particles, precipitates, and solute elements present
in the cell wall material, currently thought to be also of
great importance, resulting at least in the nonhomogeneous
stress/strain distribution. Nevertheless, the microstructural
aspects (especially those referred to mechanical properties
of the cell wall constituents) are still largely ignored in
most studies, despite the known fact that microstructural
features would have dramatic effects on the performance
characteristics of corresponding bulk material.
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This problem becomes increasingly pronounced when
foaming processes are performed with gas-releasing agent
and other additives, resulting in unconventional matrix
alloy comprising great number of various intermetallic compounds and other foreign particles [2, 8, 11, 36]. Great number
of various intermetallic compounds and other foreign particles formed in the course of the foaming process substantially
affect the micromechanism of deformation, degrading the
mechanical response of foams [2, 14, 15, 36]. Unfortunately,
evidence concerning the mechanical response of Al-based
intermetallic compounds and other particles, typical for the
cell wall material of aluminum foams, is few in number
[16, 36].
This effort is to elucidate the role of processing additives
in influencing the mechanical performance of Al-foams
processed with different kinds of parent Al-alloys via Alporas
route. Attention is primarily concentrated on the effect
of damage behavior of cell wall constituents induced by
processing additives on macroscopic compressive behavior of
Al-foam.

2. Materials and Experimental Procedure
2.1. Materials. Several kinds of closed-cell foams marked
as F1–F14 and listed in Table 1 were used in experiments.
Pure aluminum (purity 99.95) and several conventional
Al-alloys were used as matrix materials. Foams 1 and 2
were processed with pure aluminum, whereas the foams
F3–F6 were processed with cast Al-7Si alloy (similar to
A356 alloy). Wrought alloy with elementary composition
of Al-1Mg-0.6Si-0.28Cu-0.2Cr (similar to 6061 alloy) and
Al-5Mg alloy (similar to 5356 alloy) were employed to
produce the foams F7, F8, F9, and F10, respectively. In
addition, Al-Zn-Mg alloy with composition of Al-5.5Zn3Mg-0.6Cu-0.5Mn doped additionally by small amount
(<0.6 wt.%) of Sc and Zr (similar to 7075 alloy) was also
chosen as a parent material for fabrication of F11–F14
foams.
All kinds of Al-foams were produced via Alporas like
route in which either titanium hydride TiH2 or calcium
carbonate CaCO3 were employed as foaming agents [9, 14,
15]. In addition, both hydride and carbonate Al-foams were
produced either with or without Ca additive introduced
usually into melt as thickening agent. All kinds of Al-based
foams were performed by cylindrical blocks of 90 mm in
diameter and 180 mm in height. A number of samples were
directly machined from each kind of as-received foamed
materials to use them for structural characterization and
testing. Sample dimensions were about 20 × 20 × 30 mm3 and
30 × 30 × 45 mm3 .
In addition, several solid alloys of compositions roughly
corresponded to those formed in the cell wall materials of the
studied Al-foams were fabricated by casting to use them in
the experimentation. Approximated values of yield strength
for these solid materials, listed in Table 1, were determined
by the conventional mechanical tests in tensile to use them as
input data in theoretical models for interpreting the behavior
of foam under compression.
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Table 1: Characteristics for different kinds of Al-based foams produced by Alporas like route.
Foam
code
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13
F14
1

Processing variables
(alloy and additives) wt.%

Relative density
(𝜌/𝜌𝑠 )1

Cell size, mm

Solid yield strength, 𝜎ys
(MPa)

Al + 1TiH2 + 1Ca
Al + 2CaCO3 + 1Ca
Al-7Si alloy + 1.5TiH2 + Ca
Al-7Si alloy + 1.5TiH2
Al-7Si alloy + 2CaCO3 + 1Ca
Al-7Si alloy + 2CaCO3
Al-1Mg-0.6Si alloy + 1.5TiH2 + 1Ca
Al-1Mg-0.6Si alloy + 1.5TiH2
Al-5Mg alloy + 1.5TiH2 + 1Ca
Al-5Mg alloy + 1.5TiH2
Al-Zn-Mg alloy + 1.5TiH2 + 1Ca
Al-Zn-Mg alloy + 1.5TiH2
Al-Zn-Mg alloy + 2CaCO3 + 1Ca
Al-Zn-Mg alloy + 2CaCO3

0.21–0.37
0.24–0.09
0.17–0.30
0.17–0.24
0.18–0.29
0.18–0.27
0.15–0.26
0.25–0.43
0.18–0.32
0.31–0.40
0.22–0.38
0.19–0.40
0.20–0.34
0.20–0.33

3.1 ± 0.9
1.5 ± 0.6
3.0 ± 0.4
3.2 ± 0.5
1.5 ± 0.5
1.7 ± 0.6
2.1 ± 0.6
2.3 ± 0.7
3.6 ± 0.5
3.5 ± 0.6
2.1 ± 0.7
2.3 ± 0.6
1.1 ± 0.5
1.2 ± 0.6

42.8 ± 4.89
43.5 ± 7.12
220 ± 20.54
180 ± 21.68
195 ± 19.53
140 ± 15.67
120 ± 14.82
100 ± 9.85
180 ± 19.73
160 ± 17.13
560 ± 28.24
540 ± 26.15
575 ± 29.48
531 ± 15.14

𝜌 and 𝜌𝑠 correspond the density of foam and bulk solid, respectively.

2.2. Structural Characterization. All samples machined from
the studied kinds of Al-foams were characterized by their
relative density 𝜌/𝜌𝑠 (where 𝜌 and 𝜌𝑠 correspond to the
density of foam and solid, resp.), cell morphology, and cell
wall microstructure. Relative density, 𝜌/𝜌𝑠 , was measured
by weighing a sample of known volume. Range of relative
density for the samples machined from the studied kinds
of Al-foams is listed in Table 1. Cell morphology, including
cell size and shape, was studied by using scanned images of
cellular structure for each kind of the studied Al-foams. Cell
size indicative of the studied kinds of Al-foams is presented
in Table 1. Microstructure of cell wall materials for the
studied Al-foams was investigated using scanning electron
microscopy (SEM) in both secondary and back-scattered
modes. Material elementary composition was studied using
energy dispersive X-Ray spectroscopy (EDS) and electron
probe microanalysis (EPMA).
2.3. Mechanical Testing. Deformation behavior of Al-foams
was examined under uniaxial compressive tests performed
on prismatic specimens with dimensions either 20 × 20 ×
30 mm3 or 30 × 30 × 45 mm3 . The minimum dimension of
particular specimen in each of three directions was seven
times more than the cell size to avoid size effect. The compression tests were performed on a servohydraulic testing
machine under displacement control and static strain rate of
1.5 × 10−3 s−1 .

3. Results and Discussion
3.1. Material Characterization. All kinds of the studied Alfoams were believed to have closed cells of roughly spherical
shape [14]. However, homogeneity of the cellular structure
and mean cell size for carbonate foams (F2, F5, F6, F13, and
F14) are found to be at least two times smaller than that for

hydride ones (F1, F3, F4, F11, and F12) processed with the
same parent alloys, as evidenced from Table 1.
Figure 1 shows microstructure of cell wall materials for
several kinds of Al-foam. Cell walls of foams (F1–F10) based
on pure Al and Al alloys with compositions Al-7Si, Al-1Mg0.6Si, and Al-5Mg consist of coarse Al dendrites rounded by
a network of eutectic domains (light grey), as was originally
shown in [8, 14, 16, 36]. Interdendritic network of redundant
phase being emerged in a matrix of Al solid solution with
randomly scattered Al3 (ScZr) intermetallic particles is characteristic for the foams (F11–F14) processed with Al-Zn-Mgalloys [14, 15, 36].
Excluding carbonate kinds of Al-foams (F2, F6, F13, and
F14) cell wall materials for all other foams exhibit a lot of
foreign particles. In Al-foams (F3 and F5) based on Al-7Si
alloy and processed with Ca additive, coarse crystals compositionally corresponded to Al2 CaSi2 intermetallic compound
(1) and are presented in the cell wall material besides E (Al
+ Si) eutectic domains (2), as can be seen in Figure 1(a).
Formation of needle-shaped Al2 CaSi2 crystals (5) is also
detected in the cell wall material of Al-foam based Al-1Mg0.6Si alloy (F7), as shown in Figure 1(b). Foreign particles
of partly converted TiH2 and/or its reaction products such
as particles/layers Al2 Ti/Al3 Ti (12) are randomly distributed
in the cell walls of hydride kinds of Al-foams (F1, F3, F4,
and F7–F12). In line with [14] the above Ti-rich particles are
mainly presented in the cell wall material of hydride kinds of
Al foams (F4, F8, F10, and F12) processed without Ca additive,
as can be seen in Figure 1(d).
The results of elementary distribution show that composition of eutectic domains formed in the cell wall material of
other Al-foams was found to be rather different compared
to those of parent alloys and dependent on the processing
additives. Generally, dissolved Ca is largely accumulated
within the eutectic domains/redundant phase, resulting in
their local modification with formation of foreign Ca-bearing

4
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Figure 1: SEM micrographs of cell wall materials for Al-foams processed either with (a) CaCO3 or with (b)–(d) TiH2 and performed (a)–(c)
with and (d) without Ca additive and performed with different parent alloys: (a) Al-7Si (F5), (b) Al-1Mg-0.6Si (F7), (c) Al-5Mg (F9), and (d)
Al-Zn-Mg (F12).

eutectic zones. In particular, besides E(𝛼-Al + Mg2 Si) eutectic
domains (6) indicative of parent Al-1Mg-0.6S alloy, foreign
eutectic zones such as E(𝛼-Al + Al4 Ca) (3), E(𝛼-Al +
Al4 CaCu) (4), and E(𝛼-Al + Al2 CuMg) (7) are formed in Alfoam (F7), as shown in Figure 1(b). The same is true for Alfoam (F9) processed with Al-5Mg alloy. Cell wall material
of Al-foam (F9) comprises Ca-bearing eutectic zones such
as E(𝛼-Al + Mg2 Ca) (9) and E(𝛼-Al + Al4 Ca + Al3 Ti) (10)
besides E(𝛼-Al + Mg5 Al8 ) eutectic domain (8) indicative
of parent alloy, as shown in Figure 1(c). In addition, small
amount (roughly about 0.26 at.%) of Ti solutes in Al matrix
of hydride kinds of Al-foams. The latter is also concentrated
within the eutectic domains, resulting in formation of Al3 Ti
compound. As an example, Ti-bearing eutectic zones such as
E(𝛼-Al + Al4 Ca + Al3 Ti) (10) and E {𝛼-Al + T (AlCuMgZnTi)}
(11) are found in the cell walls of Al-foams (F9 and F12) based
on Al-5Mg and Al-Zn-Mg alloys, respectively, as shown in
Figures 1(c) and 1(d).
The important point concerns the difference in damage
behavior of cell wall constituents comprised by cell wall materials of different kinds of Al-foams. In particular, Al + Al4 Ca
eutectic domains indicative of carbonate kind of Al-foam
(F2) processed with pure Al demonstrate quite high plasticity
that is close to 𝛼-Al dendrites, whereas those indicative of all
another kinds of Al-foams show low ductility and/or high
brittleness [14, 16, 36]. Crumbling out the brittle eutectic
domains/redundant phase occurs even after slightly slicing

the specimen, as can be seen in Figures 1(a) and 1(c). The same
is true for contaminations including particles/layers of Al3 Ti,
as well as residues of partially decomposed TiH2 and Cabearing compounds. The data published in [16, 36] indicate
that the solid materials, which compositionally corresponded
to the above cell wall contaminations, demonstrate rather
low ductility. Moreover, the latter solids show extremely
small fracture toughness, 𝐾Ic , although their strength is quite
high. In particular, fracture toughness (𝐾Ic = 1.71 ± 0.18)
of titanium hydride TH2 is even less than that for technical
glass (𝐾Ic = 1.17 ± 0.09) [16]. This suggests that the presence
of low ductile and/or brittle cell constituents can lead to
impairing damage resistance of the cell walls, facilitating their
premature failure under loading.
3.2. Compressive Response of Al-Foams. All kinds of Al-foams
display a macroscopic mechanical response rather similar to
elastic/plastic behaviour [1, 2, 11, 19]. However, different kinds
of Al-foams exhibit considerable differences in microscopic
deformation events at the “plateau” regime, as can be seen in
Figures 2(a) and 2(b).
Figure 2(b) shows that carbonate kind of foam (F2) with
ductile Al + Al4 Ca eutectic domains in the cell wall material
[14, 16, 36] deforms smoothly which is typical for plastic
buckling [11, 19]. In contrast to this slight hardening/softening
effects superimposed upon an increasing “plateau” stress level
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Figure 2: Compressive stress-strain curves for hydride (F1, F3, F4, F11, and F12) and carbonate (F2 and F14) kinds of Al/Al-alloy foams
processed with (F1–F3, F7, and F11) and without (F4, F8, F12, and F14) Ca additive: (a) Al-foams based on Al-7Si alloy (F3 and F4), Al-1Mg0.6Si alloy (F7 and F8), Al-5Mg alloy (F9); (b) Al-foams based on pure Al (F1, F2) and Al-Zn-Mg alloy (F11, F12, and F14).

is seen in deformation patterns of hydride kinds of Al-foams
(F1, F3, F4 and F9) processed with pure Al and Al alloys such
as Al-7Si and Al-5Mg. These deformation events are usually
ascribed to the cell walls local failure being stimulated by
crushing the low ductile eutectic domains and brittle foreign
particles [12, 14, 34]. Hydride kinds of Al-foams (F11, F12)
processed with Al-Zn-Mg alloy, whose cell walls comprise a
high fraction volume of brittle foreign particles and course
eutectic domains, show the most strong stress oscillations of
“plateau” stress level, as can be seen in Figure 2(b).
The high fraction volume of coarse brittle redundant
phase, large brittle particles of partly converted TiH2 , and
particles/layers Al2 Ti/Al3 Ti impair cell ductility and toughness. In addition, the presence of high fraction volume of
foreign strong particles results in relatively high stresses
required for hydride kinds of Al-Zn-Mg foams (F11, F12) to
commence densification. Because of this undesirable high
peak stress at the onset of global collapse followed by strong
load drop causes the plateau stress for the above kinds of Alfoams to saddle shape. The presence of foreign Ca-bearing
zones within the domains in the cell wall material of Al-foam
(F11) causes the compression strength to decrease, although
the shape of stress-strain curve remains rather similar to that
for hydride kind of Al-foam (F12) fabricated without Ca. The
application of CaCO3 foaming agent provides a remarkable
improvement of deformation pattern Al-foam (F14) based
on Al-Zn-Mg alloy. Figure 2(b) demonstrates that carbonate
Al-foam based on Al-Zn-Mg alloy processed without Ca
shows much smoother stress-curve which keeps peak-topeak amplitude of oscillations to minimum level.
Thus, a comparative analysis of compressive response for
different kinds of Al-foams elucidate the fact that microstructure and mechanical damage of cell wall constituents have
a dramatic effect on the microscopic mechanism of local

deformation and failure, which in turn is thought to have
an influence on the macroscopic mechanical response of
Al-foams. Brittle cell wall constituents such as brittle particles of partly converted TiH2 rounded by an Al2 Ti/Al3 Ti
layer and smaller Al3 Ti particles as well as brittle eutectic
domains/redundant phase act as likely sites for the initiation
of cracks, propagation of which generates stress concentration in adjacent areas, intervening the Al-matrix, as can be
seen in Figure 3. The final failure of cell walls apparently
occurs by crushing the brittle cell constituents and their
bridging across intact ligaments. Again, the local fracture of
deformation bands causes oscillations of “plateau” stress, as
shown in Figure 2.
3.3. Comparison of Al-Foam Compressive Strength with Theoretical Models. A comparison of experimental results outlined in this effort with theoretical predictions was fulfilled to
estimate the role of cell wall microstructure and mechanical
damage of cell wall constituents in mechanical performance
of closed-cell Al-foams. Among several models based on
idealized representation of a defect-free cellular structure
the most famous relations applied for describing mechanical
properties are published in [11, 19]. For open-cell foams made
of elastic-plastic materials, dimensional arguments give the
correlation of plastic collapse stress, 𝜎pl , relative to the yield
strength of solid cell edge material, 𝜎ys , versus relative density,
𝜌/𝜌𝑠 , as [19]
𝜎pl
𝜎ys

= 𝐶3 (

𝜌 𝑛
) ,
𝜌𝑠

(1)

where 𝑛 = 3/2 is power index and the constant 𝐶3 related to
cell geometry is roughly about 3 for a wide range of foams.
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Figure 3: SEM images of the cell wall material for (a) hydride and (b) carbonate kinds of Al foams (F12, F13) based on Al-Zn-Mg alloy and
performed (b) with (F13) and (a) without (F12) Ca additive: (a) cracks within partly converted TiH2 , (b) crack lengthways the domain of
redundant phase.

For closed-cell foams, yielding of stretched cell faces
contribute to their strength. Because of this the additional
term on right hand side appears in the relation for the plastic
collapse stress:
𝜎pl
𝜎ys

= 𝐶3 (

𝜌 𝑛
𝜌
) + 𝐶3 ( ) ,
𝜌𝑠
𝜌𝑠

(2)

where power index 𝑛 = 1.5.
For tetrakaidecahedral unit with flat faces, finite element
analysis gives slightly different values in (2). According to [28]
power index at the first term on the right hand side was found
as 𝑛 = 2 while the values of constants were determined as
great as 𝐶3 = 0.33 and 𝐶3 = 0.44.
Generally, compressive strength is usually defined either
by “plateau” stress relative to the yield strength or by compressive strength at 20% strain [11]. Both yield stresses, 𝜎𝑦 , at
the general yielding and plateau stress up to densification, 𝜎pl ,
[14] are used in the present study. Approximate values of yield
strength, 𝜎ys , for solids which compositionally corresponded
to the cell wall materials were determined by conventional
mechanical tensile tests. The values of parameters 𝜎ys are
listed in Table 1.
Following [11] data for the relative compression strength,
𝜎𝑦 /𝜎ys and 𝜎pl /𝜎ys , for different kinds of Al-foams are
plotted in Figure 4 along the lines representing (1) and (2).
Figure 4(a) shows that the data for carbonate kind of Al-foam
F2 processed with pure Al lie close to (2), as prescribed by the
theory for closed-cell foams. However, a behavior of all the
other kinds of Al-foams deviates more or less from theoretical
predictions. Data for hydride kind of Al-foam (F1) processed
with pure aluminum lie below (2) and shift to (1), as can be
seen in Figure 4(a). Deviation of experimental results from
theoretical predictions suggests the decreased contribution of
plastic bending to failure.
The same is true for carbonate kind of Al-foam (F6)
based on Al-7Si alloy and processed without Ca as well as
for hydride kinds of Al-foams processed with alloys such
as Al-7Si, Al-1Mg-0.6Si, and Al-5Mg and performed either

with (F8) or without (F10) Ca additive. Figure 4(b) shows that
the data for yield stress of those Al-foams lie well below (2)
and shifted to (1), whereas those for plateau stress lie close
to the line representing strength for closed-cell foam. The
discrepancy between (2) and the data for hydride kinds of
Al-7Si foams (F3, F4) and carbonate kind of Al-7Si foam
(F5) with Ca additive is the most pronounced. Figure 4(b)
shows thatthe data for plateau stress of those Al-foams shift
essentially below (2) while the data for yield stress lie either
well below or at least along the line representing open-cell
foam. Compressive behavior of hydride kinds of Al-foams
(F7, F9), which were processed with alloys such Al-1Mg-0.6Si
and Al-5Mg and admixture of Ca, is very similar to that of Alfoams (F3, F5) based on Al-7Si alloy, which were processed
either with TiH2 or CaCO3 and performed with Ca additive.
The noticeable difference is only that the increased thickness
of cell walls causes the compressive strength of Al-foams
F7, F9 to shift upwards when relative density increases up
to 𝜌/𝜌𝑠 > 0.20. Figure 4(a) shows that both kinds of Alfoams (F11–F14) processed with Al-Zn-Mg alloy exhibit the
most deflection of the experimental results from theoretical
predictions. The data for yield and plateau stressesof Alfoams (F11, F13, F14) shift well below the line representing
open-cell foam, whereas those of Al-foam F12 lie close to (1).
Generally, one or another relation between compressive
strength and relative density, 𝜌/𝜌𝑠 , could be adjusted to
approximate compressive strength of each kind of Al-foams
the same as it was shown recently [16]. For instance, the
compressive strength of Al-foams (F1, F2) processed with
pure Al complies reasonably well with relations prescribed
by (2) for closed-cell structure. However, it is noticeable
that the value of numerical coefficient 𝐶3 for Al-foam F1 is
somewhat reduced as compared to that for Al-foam F2. This
is usually associated with a contribution of fracture mode
in the collapse of deformation bands. The same is true for
carbonate kinds of Al-foams (F8, F10) processed alloys such
as Al-1Mg-0.6Si and Al-5Mg. For other kinds of Al-foams
(F3–F7, and F9) processed with alloys such as Al-7Si, Al1Mg-0.6Si, and Al-5Mg the values of numerical coefficient 𝐶3
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Figure 4: Relative compressive strength, 𝜎𝑦 /𝜎ys and 𝜎pl /𝜎ys , plotted against relative density, 𝜌/𝜌𝑠 , for different kinds of hydride (F1, F3, F4, and
F7–F12) and carbonate (F2, F5, F6, F13, and F14) kinds of Al/Al alloy foams performed with (F1–F3, F5, F7, F9, F11, and F13) and without (F4,
F6, F8, F10, F12, and F14) Ca additive: (a) Al-foams processed with Al (F1 and F2) and Al-foams of Al-Zn-Mg alloy (F11–F14); (b) Al-foams
of Al alloys such as Al-7Si (F3–F6), Al-1Mg-0.6Si (F7 and F8), and Al-5Mg (F9 and F10).

relating to plateau stress are drastically reduced as compared
to that prescribed by (2). Moreover, the numerical coefficient
𝐶3 relating to yield stress for the above foams is completely
degraded up to zero. The results of approximation show
that strength degradation for Al-foams (F11–F14) processed
with Al-Zn-Mg alloy is rather strong. Besides the values of
numerical coefficient 𝐶3 relating to yield and plateau stresses
degraded up to zero, power index at the first term of (2) rises
up to 𝑛 = 3.
Thus, discrepancies of actual compressive strength for Alfoams and theoretical predictions reflect the difference in
their micromechanism of deformation. By considering the
evidence above it is easy to show that damage behavior of
the cell wall constituents affects primary micromechanism
of deformation, favoring either plastic buckling or brittle
failure of the cell walls. Compressive stress, whose Al-foams
can undergo up to densification, is proved to be actually
very sensitive to small defects induced by crushed brittle
constituents in the cell wall microstructure. An attention
should be paid to the fact that effect of brittle constituents in
the cell wall material on degradation of strength properties
is much stronger. As it can be seen in Figure 4, the latter is
comparable with that implemented by decreasing a relative
density of intact Al-foam that is free of defects.

4. Conclusions
Crucial role of foaming agent and Ca additive in contaminations of the cell wall material by side products and, hence,

in macroscopic mechanical response of closed-cell Al-foams
being fabricated via Alporas like route was justified.
Correlations of relative compressive strength, 𝜎/𝜎ys , versus relative density 𝜌/𝜌𝑠 , were obtained and analyzed. No
discrepancy between experimental values of compressive
strengths for Al-foams comprising ductile cell wall constituents and those prescribed by theoretical models based
on an idealized representation of defect-free cellular structure
for closed-cell structure is found while the opposite was
believed to be true in the presence of low ductile and/or
brittle processing contaminations including particles/layers
of Al3 Ti, residues of partially reacted TiH2 , Ca-bearing
compounds, and/or modified eutectic domains. The latter
contaminations result in reducing the compressive strength
to values close to or even below those of open-cell foams
of the same relative density, 𝜌/𝜌𝑠 . Considerable discrepancy
of actual compressive strength of Al-foams and theoretical
predictions resulted from difference in micromechanism of
deformation, which, in turn, is affected by damage behavior
of the cell wall constituents, favoring either plastic buckling
or brittle failure of the cell walls.
The results of this work bring about a better understanding of the interplay between processing conditions, cell wall
microstructure, damage behavior of cell wall constituents,
and mechanical response of Al-foams.
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