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Abstract

Metal matrix syntactic foams (MMSFs) are advanced engineering materials, and their
properties like low density, high compression strength, good ductility, and excellent energy ab-
sorption capability make them considerably attractive for many industrial applications nowa-
days. In this research paper, a new production method named sandwich infiltration casting
was used to manufacture metal syntactic foams, including Al 7075 matrix and expanded glass
(EG) fillers with 2–4 mm diameter. As a result of the porous structure of EG particles, density
values of the fabricated aluminum matrix syntactic foams (AMSFs) changed between 1.39 and
1.47 g cm−3. Micro observations showed that there was perfect harmony between the matrix
and EG particles as a consequence of effective process optimization and adequate wettability
of the EG spheres. In addition, T6 heat treatment was applied to specific samples to analyze
the possible effect of aging on the mechanical properties. The results indicated that expanded
glass had great potential for syntactic foam applications compared to the other filler types
utilized in previous efforts. Moreover, it was apparent that there was a favorable relation-
ship between the heat treatment and compressive properties (compression strength, plateau
strength, and energy absorption ability) of the fabricated foams.

K e y w o r d s: metal syntactic foams, compression strength, energy absorption ability, ex-
panded glass fillers

1. Introduction

Metallic foams are advanced engineering materials
consisting of a metal matrix containing inner pores.
They have become popular nowadays due to their ex-
ceptional compressive properties, low density, decent
strength to weight ratio, high stiffness, and remarkable
energy absorption ability [1–5]. Metal matrix syntactic
foams (MMSFs) are a subgroup of metallic foams that
uses a filler granule to constitute porosity. MMSFs
have outstanding mechanical properties compared to
traditional metal foams [6–14]. The main advantage
of MMSFs is the control of porosity size and shape,
resulting in a narrow density variation which is very
important in the future for serial production. MMSFs
have become popular for several industrial areas such
as automotive [15, 16], aerospace [17], construction
[18], shipbuilding [19], railway [20], and biomedical ap-
plications [9, 21]. As matrix material, different metal-
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lic materials such as aluminum [22], steel [23], tita-
nium [24], magnesium [25], etc. are used. As filler
material, hollow ceramic spheres [8], micro-glass bal-
loons [9], fly ash cenospheres [10], and hollow metal
spheres are used [26]. The sizes of the spheres change
from 0.01 to 10mm.
Different fabrication methods have been developed

to produce MMSFs. The powder metallurgical method
is promising, but the risk of sphere fracture still exists.
By the stir casting method, hollow spheres are mixed
inside liquid metal and stirred. Despite its low cost
and easy application, the main disadvantages of this
method are that by mechanical mixing process, sphere
fraction may occur, and an inhomogeneous structure
due to density variation may form. The pressure in-
filtration method is the most preferred method for
MMSFs production due to the homogeneous and con-
trollable inner structure. Infiltration method can be
classified as gravity-assisted [27, 28], counter grav-
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ity [29], gas/vacuum-assisted [30, 31] and mechanical
infiltration [32, 33] methods. In the mechanical in-
filtration method, casting pressure is constituted by
a piston resulting in higher pressure values comple-
tion in the fabrication of complex geometries [34–36].
In our study, we developed a novel production tech-
nique called sandwich infiltration casting, which puts
gravity-assisted and counter gravity melt infiltration
techniques together to form a uniform matrix/filler
structure along with the accurate part geometry.
In recent years, aluminum has been frequently pre-

ferred as matrix metal by MMSFs production due to
its low density and widespread usage in several indus-
tries. Many different Al series are utilized with differ-
ent types of filler particles to determine mechanical
features and understand deformation/fracture mech-
anisms exhaustively [37–39]. Mondal et al. [40] com-
pared alumina and cenosphere-reinforced Al syntac-
tic and reported that although cenosphere filled sam-
ples showed higher energy absorption capacity under
compressive loading, alumina filled foams had better
matrix/filler bonding ability. To determine the tribo-
logical behavior of aluminum matrix syntactic foams
(AMSFs), Chaitanya et al. [41] studied the wear per-
formance of cenosphere-reinforced Al syntactic by ap-
plying a pin-on-disc test and pointed out that the wear
rate diminished with increasing sliding speed. In an-
other research, contrary to widely performed experi-
mental works, Chordiya et al. [42] simulated the low-
speed impact behavior of Al syntactic making use of
a free-fall drop impact testing system, so they mod-
eled different impact speeds and sample models. Apart
from these newest researches, some researchers worked
on heat treating AMSFs and studied Al alloys as ma-
trix materials due to their large-scale usage in several
industrial applications and applicability for heat treat-
ment procedures for matrix strengthening. At this
point, Rao et al. [43] applied different heat treatments
on Al2O3 7055-Al matrix syntactic foam samples and
reported that the heat treatment improved plateau
strength and absorbed energy of the fabricated syn-
tactic. Movahedi et al. [29] investigated the probable
effects of the heat treatment on expanded perlite filled
Zinc (ZA27) syntactic foam and found that applied
heat treatment enhanced the specific energy absorp-
tion, plateau stress, and energy absorption efficiency
of produced foams. Similar improvements in the com-
pression features were observed for T6 treated ceramic
microspheres (45 vol.% 3Al2O3-2SiO2 and 55 vol.%
SiO2) reinforced Al 7075 syntactic foam by Dunand
et al. [30]. In another effort, Santa Maria et al. [31]
tried to understand the effects of T4 and T7 treat-
ment on the deformation behavior of Al 206/Al2O3
syntactic foam, and the research team indicated that
heat-treated samples had better average peak strength
and specific plateau strength values than their as-cast
versions.

From the formerly published efforts [7, 12, 14, 30,
44], various types of deformation behavior are possi-
ble for MMSFs according to matrix metal type, filler
material, harmony between the constituents, produc-
tion method, and presence of heat treatment. As long
as the matrix strength exceeds the crush strength of
the filler particles, the primary deformation mecha-
nism reflects ductile characteristics; however, when
the filler crush strength is higher than the matrix flow
strength, usually brittle deformation is the predomi-
nant mechanism. Apart from that, sometimes, on ac-
count of heterogeneous pore structure and distribution
of the filler particles, the mixed mechanism (ductile +
brittle) is effective on the characteristic of the foam
deformation.
In this research, 7075 series of aluminum alloy was

chosen as matrix metal, and as reinforcement mate-
rial, expanded glass (EG) was selected due to its ex-
tremely porous structure and low cost. As for the pro-
duction method, the novel technique called sandwich
infiltration casting was used. Later on, we applied T6
heat treatment to some of the fabricated AMSFs. Fur-
thermore, macro/micro investigations and quasi-static
compression tests were conducted to analyze the me-
chanical properties of the AMSFs.
The principal aim of this investigation was to ex-

amine the effect of applying T6 treatment on the
mechanical properties and fracture mechanisms of
AMSFs produced by a novel developed sandwich cast-
ing method.

2. Methods and materials

As a well-known member of 7000 series of Al alloys,
7075 was used in this investigation as matrix metal
due to its widespread usage in many sectors and out-
standing potential for the T6 heat-treatment process.
The Al blocks were supplied from Güray Aluminum
Limited Company – Turkey. According to supplier in-
formation, the matrix alloy comprises 5.68 wt.% Zn,
2.39 wt.% Mg, 1.4 wt.% Cu, 0.21 wt.% Fe, 0.2 wt.%
Si, 0.18 wt.% Mn, 0.034 wt.% Ti, and 0.018 wt.% Zr.
As for filler material, 2–4mm Stikloporas� Expanded
Glass (EG) spheres were used, and all of them were
procured from Omnis Composite Limited Company –
Turkey. The supplier stated that the chemical com-
position of the spheres was 71–73wt.% SiO2, 13–
14 wt.% Na2O + K2O, 8.5–10.5 wt.% CaO + MgO,
and other oxides. EG particles, obtained by recycling
the scrap glass into a small cellular/porous struc-
ture with a special patented technology, are special
thermal insulation materials. Due to its low bulk
density (0.2 g cm−3), low heat conduction coefficient
(0.064Wm−1K−1), and especially low manufacturing
costs, EG can be an attractive alternative space holder
in syntactic foam compared with engineered hollow
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Fig. 1. The mold used in AMSFs production.

ceramic fillers. Besides, softening temperature of EG
spheres is 700◦C.
Due to manufacturing processes and/or trans-

portation, EG particles may have contained crumbles
and glass dust. Before the casting operation, EG par-
ticles were filtered with a proper strainer, and the par-
ticle size range was kept constant between 2–4mm.

2.1. Production of AMSF samples

A new manufacturing approach called “sandwich
infiltration casting” was used to produce AMSFs. The
method aims to have flawless complete infiltration and
form a homogeneous foam structure with minimum ef-
fort and equipment differently from the other tech-
niques in which steel meshes, vacuum systems, and so-
phisticated mold parts are utilized. At the first stage,
the steel mold is heated up in a 550◦C furnace for one
hour, then taken out, and 3 g of EG was placed in-
side the mold. Next, the EG particles were preheated
to 550◦C to prevent early solidification of molten Al
during the infiltration phase. Further, the molten Al,
which is freed from dross, was poured into the mold
up to 3/4 height of the cavity, and later 2 g of EG was
placed on aluminum. Immediately after, a pin-disc el-
ement was placed on the mold cavity with a weight of
1 kg to constitute a casting pressure of 25 kPa. A tight
gap was between the pin and mold cavity to permit rel-
ative motion. Next, the mold and foam samples were
cooled down to room temperature in the air. Finally,
the mold was carefully opened, and the sample was
ejected manually. Figure 1 indicates the mold, Fig. 2
demonstrates the process steps and schematic view of
the fabrication of AMSFs.
The fabricated samples can be seen in Fig. 3. The

height of the cylindrical sample was 31 ± 0.7 mm and
diameter 25 ± 0.1 mm. Before the mechanical tests,
all imperfections were cleaned, ground, and polished
sensitively.

Fig. 2. Sandwich infiltration casting method.

Fig. 3. Cylindrical foam sample.

To analyze the effect of heat treatment on the
mechanical properties and fracture mechanism, T6
heat treatment was performed on some selected spec-
imens. An increase of strength was expected after T6
heat treatment due to precipitation of finely dispersed
η and ηI precipitates both within grains and along
grain boundaries [45]. At the first stage, samples were
heated to 480◦C, held for two hours, followed by water
quenching. Then, the aging process was carried out at
120◦C for 24 h. Applied T6 operation is summarized
in Fig. 4.

2.2. Sample characterization

For the microstructural analysis of the expanded
glass spheres and syntactic foams samples, scanning
electron microscopy (SEM), Nikon Eclipse LV150L,
and Nikon SMZ800 model optical microscopes with
DpxView-Pro software were used for detailed obser-
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Fig. 4. Applied T6 heat-treatment process.

vations. For microscopic observations, samples were
cut and subjected to grinding process using 180-1000
grit with SiC emery papers in Metcon Forcipol 2V
machine before polishing which was implemented by
utilizing 1 µm Metkon Diapat diamond suspension.
Further, polished samples were cleaned in an ultra-
sonic bath to remove micronized contaminations or
unwanted accumulations.
As for physical characterization, the density of the

syntactic foam samples (φSF) was calculated by using
the Eq. (1):

φSF =
mSF
VSF

, (1)

where VSF is the volume of the sample and mSF is
the mass of the sample. The mass of the samples was
measured by using a precision scale with an accuracy
of ± 0.0001 g.
To determine the volume fraction of filler particles

(FFil) and total porosity percentage (FTP), mathe-
matical equations expressed by Taherishargh [44] were
used. In these equations, (Eqs. (2)–(4)), Vsyn, msyn,
mfil, ρfil, ρalu, and ρsd are the syntactic foam volume,
the foam mass, the mass of EG spheres, particle den-
sity of EG, the density of the matrix, and density of
solid-state of the EG spheres, respectively:

FFil =

[
Vsyn −

(
msyn −mfil

ρalu

)
1

Vsyn

]
× 100, (2)

ρfil =
mfil

Vsyn −
(
msyn −mfil

ρalu

) , (3)

FTP = FFil [1− ρfil/ρsd] . (4)

Mechanical properties of the samples were deter-
mined using compression tests through a computer-
controlled 50 kN Shimadzu AG-IS uniaxial testing ma-
chine cooperating with Trapezium 2 data acquisition

software. The load and displacement data were col-
lected throughout the compression and converted to
engineering stress-strain curves using initial sample
height and cross-sectional area. The deformation rate
was kept constant as 1 mmmin−1 during the test. A
lubricant was rubbed on related surfaces of compres-
sion platens immediately before the tests to apply uni-
form uniaxial loading and prevent barreling. In addi-
tion, we recorded all tests via a digital camera to un-
derstand the failure mechanism of the foams better.
To determine mechanical properties, compression

strength (1 % proof strength), plateau stress, plateau
end strain, densification strain energy absorption, and
energy absorption efficiency values were calculated us-
ing the stress-strain curves in conformity to ISO 13314
[46]. Initially, in the elastic zone, the slope of the lin-
ear section was used to decide compression strength.
Following the linear section, stress values go down de-
pending on sample properties (matrix strength, filler
strength, particle diameter, porosity style), and the
plateau zone starts up. As for plateau stress, the arith-
metic mean of the stress values between 0.2 and 0.4
strain was calculated using data collected via Trapez-
ium 2 software. Plateau end strain value is the strain
value at which the stress is 1.3 times the plateau stress.
As energy absorption values (W ) were appointed,
recorded data from the stress-strain curve was inte-
grated up to 0.5 strain. Lastly, the energy absorption
efficiency (η) was calculated by using Eq. (6), where
σmax is the maximum compressive stress up to 50%
strain:

W =

0.5∫
0

σdε, (5)

η =
W

0.5σmax
. (6)

3. Results and discussion

3.1. Microstructural analysis of EG spheres
and produced syntactic foams

It can be seen from the macroscopic views in Fig. 5
that the spheres are spherical and closed structures.
Also, the inner porous structure can be seen. In ad-
dition, Fig. 6 shows detailed SEM views of the in-
ner porous structure and the outer surface of the EG
spheres. This structure consists of closed cells and
struts. A similar observation was also detected by Su
et al. [20].
The typical microstructure of the manufactured

foams is represented in Fig. 7, and it reflects very sim-
ilar features as described for the MMSFs [11]. Figure 7
demonstrates that all samples have perfect infiltration
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Fig. 5. Macro photograph of expanded glass granules.

Fig. 6. SEM images of expanded glass particle (a) and
inner porous structure (b).

harmony due to the superior infiltration ability of the
sandwich infiltration casting offered by our research
team and the good wettability of the expanded glass
(EG) spheres. Moreover, we observed successful infil-
tration processes between EG particles even in quite

Fig. 7. Microscopic views of produced samples: infiltration
between narrow gaps (a) and casting voids (b).

narrow gaps at the optimum production parameters.
Throughout the production process, it can be consid-
ered that certain filler particles tending to merge are
indicated by black arrows in Fig. 7a. Indeed, this can
be seen as partial sintering and observed locally in all
foam samples; thus, it can be asserted that infiltration
temperature and process pressure are substantially re-
sponsible for the diffusion of the surface atoms of the
EG spheres. Aside from that, someminor negligible
casting voids resulting from matrix shrinkage in the
solidification stage were noticed, as shown in Fig. 7b.
Herein, it can be estimated that this kind of cavities
might form around the matrix/filler interface during
solidification because of the different thermal conduc-
tivity of the EG particles and the matrix alloy, and
they might also occur in the matrix itself infrequently.
However, no infiltration of the aluminum inside the
spheres was detected.

3.2. Physical properties of produced AMSFs

The volume fraction of filler particles (FFil) and
total porosity percentage (FTP) were determined by
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Ta b l e 1. Physical properties of produced AMSFs

Sample Height Diameter Density Filler volume Total porosity
(mm) (mm) (g cm−3) (%) (%)

SF1 30.79 25.03 1.39 62.3 49.7
SF2 30.73 24.94 1.46 59.9 47.2
SF3 31.21 25.09 1.42 61.0 48.5
SF4-T6 31.58 24.98 1.47 59.2 46.9
SF5-T6 30.35 25.02 1.42 61.4 48.6
SF6-T6 31.09 25.06 1.40 61.8 49.3

using Eqs. (2)–(4). The results can be seen in Table 1.
According to physical analysis, the average density

value of all samples is 1.42 g cm−3, while the lowest
is 1.39 g cm−3 for SF1. These values are compatible
with previous literature efforts and can be considered
a low-density category compared to other foams fabri-
cated in technical literature [47–49]. Since the volume-
controlled design of the sandwich infiltration casting
allows the porous EG spheres to fill the mold cav-
ity effectively by assembling the top and bottom sec-
tions, it plays an important role in total density drop.
EG particles are substantially hard and stiff mate-
rials and have many small pores in their solid bodies.
In addition, they are resistant against either crush-
ing under fabrication pressure or liquid matrix metal
leakage into the inner rooms, thanks to their strong
and smooth surface structure. Indeed, both damaged
fillers and matrix leakage can be evaluated as un-
desired circumstances because they cause density in-
crease and can dominate the fractured style of the
AMSFs. Herein, compared to the EG, some engineered
hollow fillers used in technical literature like special
ceramic mixtures and microspheres are more sensitive
to cracking and molten matrix penetration [12, 34,
36]. The porosity of the produced AMSFs was calcu-
lated using Eq. (2)–(4). Porosity values of the AMSFs
remain between a narrow band from 46.9–49.7%. Ap-
plying heat treatment T6 did not affect the density
and porosity of the AMSFs samples.

3.3. Compressive properties of the produced
AMSFs

All fabricated specimens were prepared for com-
pression tests, and T6 heat treatment was applied to
three of them. The compressive stress-strain curves of
as-cast and T6 heat-treated AMSFs samples can be
seen in Figs. 8 and 9, respectively. All curves show
typical stress-strain curves. A linear deformation oc-
curs at low strain values. After a stress peak, the stress
value decreases slightly, and a typical plateau region
starts while the stress value fluctuates slightly or re-
mains constant plateau stress; meanwhile, continuous
plastic deformation occurs. This characteristic is very
important for syntactic foam metals when high energy

Fig. 8. Compressive stress-strain curves of as-cast pro-
duced syntactic foams depending on different average den-

sity values.

Fig. 9. Compressive stress-strain curves of T6 heat treated
syntactic foams depending on different average density val-

ues.

absorption is desired. Most of the space holder (EG
spheres) collapses in the final stage, and the stress
value increases suddenly.
Table 2 summarizes the compressive test results.

σcmp, σpl, εdsf , W , and η are compression strength,
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Ta b l e 2. Main compressive properties of produced AMSFs

Foam No. σcmp (MPa) σpl (MPa) εdsf (–) W (MJ m−3) η (–)

SF1 15.9 20.3 0.52 9.7 0.90
SF2 28.8 29.0 0.45 15.0 0.82
SF3 23.6 31.3 0.44 14.7 0.81
SF4-T6 49.8 40.9 0.56 21.5 0.79
SF5-T6 39.1 38.2 0.51 18.3 0.76
SF6-T6 35.1 41.6 0.47 20.8 0.92

plateau stress, plateau end strain value, energy ab-
sorption, and energy absorption efficiency values, re-
spectively.
As known from the literature [50], solid as-cast Al

alloys have lower yield strength than the T6 heat-
-treated alloys. This circumstance is also observed in
the syntactic foam structures because the Al matrix
supports most of the compressive load during defor-
mation. Compression strength values of heat-treated
syntactic foams exceed the corresponding value for
as-cast foam at near density values for all samples.
The filler materials are weaker to contribute to the
compression strength of the foams. Average com-
pression proof strength values of as-cast and heat-
-treated foams are 22.8 and 41.3MPa, respectively.
The plateau stress (σpl) is another property of AMSFs
that plays an important role for endurance to deforma-
tion during large-strain compression and for the abil-
ity of energy absorption. In a similar vein to the com-
pressive strength, the plateau stress values of heat-
-treated samples are quite higher than as-cast foams.
Heat-treated foams have higher plateau stress val-
ues than the as-cast samples with an average value
of 40.2MPa, while the average plateau stress value
of as-cast foams is 26.9MPa. Heat-treated syntactic
foam samples show a detectably higher performance in
terms of energy absorption ability compared to as-cast
foams. This improvement can be explained by high
compressive response stress levels of heat-treated sam-
ples despite ductility decrease in the matrix. The high-
est energy absorption value is 21.5MJm−3 for heat
treated and 15MJm−3 for as-cast samples. On the
other hand, no distinct effect of heat treatment on
plateau end strain value was determined; the aver-
age densification strain value of 0.51 was read for T6
treated foams and 0.47 for as-cast foams. Afterward,
the effect of produced syntactic foam specimen density
on mechanical properties was investigated, as shown
in Fig. 10.
There is a general assumption that mechanical fea-

tures of MMSFs improve with their increasing den-
sity values but sometimes, small differences may be
noticed between almost the same or close density
foams. Therefore, a possible explanation is the non-
uniform distribution of reinforcements in the matrix
material (random filling/packing) along with the non-
uniform size and shape of the filler particles. Addi-

Fig. 10. Binary comparison between density and mecha-
nical properties: compressive strength (a), plateau stress

(b), and energy absorption (c).



352 İ. C. Akgün et al. / Kovove Mater. 59 2021 345–355

Fig. 11. Deformation behavior of the foam samples.

tionally, mechanical anisotropy due to the irregular
porous structure of filler materials may be observed
in some cases. From Fig. 10a, it can be stated that
there is a positive effect of density rising on the com-
pressive strength of the foams since higher density
corresponds to higher matrix volume fraction in the
syntactic structure. However, no explicit relation was
determined between density and plateau stress value
in both as-plated and heat-treated samples. From the
experimental results, the energy absorption efficiency
of syntactic samples is not related to the foam den-
sity, and it is an independent parameter, just as other
researchers considered before [30, 51]. The energy ef-
ficiency of the samples varies between 0.76 and 0.92,
and it depends hugely on ideal flat behavior in the
plateau zone. In addition, there is no relationship be-
tween the energy absorption efficiency and heat treat-
ment for all samples. Principle mechanisms affect-
ing the efficiency are filler properties like size, pore
style, and shape rather than the heat treatment. Even
though heat-treated sample SF6 has the highest effi-

ciency with 0.92, the average of all types of foams is
0.83.

3.4. Failure mechanisms

Figure 11 demonstrates images taken during the
deformation of EG-filled foam samples with increasing
strain rates. As-cast foam initially behaves elastically,
but it starts to deform in a ductile manner at 10 %
deformation. At 15% deformation, the barreling effect
can be seen clearly on the middle section of the sample
body and the other sections, also called death zones,
remain undeformed. This situation can be attributed
to the existence of a density gradient in the foam body
and the porosity volume percentage in middle zones
being higher than in the other zones. Additionally, it
can be expressed that body sections, including higher
porosity, deform earlier due to deformation localiza-
tion. From Fig. 11, in as-cast samples, between the
20 and 30% deformation, a new damaged section lo-
cated in the upper right side of the sample becomes
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more apparent due to deformation localization. Be-
ginning from this point of the compression, the fail-
ure characteristic of the foam sample can be described
as mixed-type deformation. In the mixed-type defor-
mation, ductile and brittle sections with small cracks
are present on the sample, and this damage mode is
dominant between 40% and 50% strain values. Imme-
diately after the compression test, even though deep
surface cracks resulting from the sensitivity of crack
propagation in the right upper side of the foam body
and small discrete body fragments stemming from ini-
tial damage of the EG spheres are discerned, it should
be emphasized that the foam seems like a one-piece.
The heat-treated foam deforms elastically in the

early stages of the mechanical loading, and there is a
sharp increment in the stress owing to the elastic de-
formation of matrix and filler materials. However, its
yield strength is higher than that of the as-cast sample
due to the dislocation blocking ability of precipitates.
Contrary to the as-cast sample, the heat-treated sam-
ple displays mixed type deformation in large part of
plastic deformation. Between 20–35% strain, a brit-
tle characteristic can be seen easily due to multiple
independent cracks having different lengths and di-
rections. At the same time, a small amount of ductile
barreling effect in the bottom sections is also observed.
Multiple cracks emerging in the T6 treated sample
can be attributed to increased strength and decreas-
ing fracture toughness of the Al matrix. Depending
upon continuously formed small cracks, the plateau
region has some fluctuations in the heat-treated sam-
ples. Similar behavior was also observed by Fiedler et
al. [52]. Although perfect infiltration can be created
even in very narrow gaps using the sandwich infiltra-
tion casting, this fact effectively hinders early crack
propagation only for the as-cast sample, not for the
T6 treated due to the age hardening. In the as-cast
sample, formed cracks grow swiftly in the EG parti-
cles, but they are stopped by a ductile matrix. This
circumstance is not the same for the T6 treated sam-
ple because the Al alloy has low fracture toughness
between the brittle EG spheres. Following 40% defor-
mation, some big-size foam parts separate from the
main body due to different rapid crack growths, and
when the strain value reaches 50 %, this separation
effect maximizes. Compared to its as-cast version, T6
treated sample can’t keep its monolithic structure af-
ter the compressive load is removed and divides into
many discrete parts.

4. Conclusions

As a result of this experimental study focusing on
EG filled Al 7075 syntactic foams, some significant-
conclusion statements can be emphasized:

1. 2–4mm EG-filled Al syntactic foams can be pro-
duced with the newly introduced sandwich infiltration
casting method without extra expensive apparatus or
complex-shaped mold designs. Also, since the infiltra-
tion stage of the sandwich casting is designed outside
of the furnace at room temperature, there is no risk
of filler-matrix reaction.
2. Thanks to the sandwich infiltration casting tech-

nique, almost 50 % porosity can be attained with a
density of 1.39 g cm−3 and a filler volume fraction of
62.3%.
3. T6 heat treatment enhances the compressive

properties of the fabricated foams positively. Owing
to minimizing dislocation activity in the Al matrix,
the compression strength of the T6 treated sample is
higher than that of the as-cast samples. Also, as long
as the foam densities go up, compression strength val-
ues of the samples improve due to the increasing vol-
ume fraction of the metallic matrix.
4. Plateau stress values are highly dependent on

the heat treatment operation for the produced foams,
and the highest value of 41.6MPa belongs to the T6
treated sample.
5. Maximum andminimum energy absorption val-

ues of 21.5 and 18.3MJm−3 are measured for the
T6 treated samples, although the highest value of
15MJm−3 is observed for produced as-cast samples.
6. Energy absorption efficiency is one of the most

important features of the metal syntactic, and it de-
pends substantially on the plateau behavior, so the
more the plateau curve is flat, the more efficiency can
be obtained. As a result, the term of efficiency is in-
dependent of both density and heat treatment.
7. As-cast sample exhibits ductile behavior with

the evident barreling effect till the half of the compres-
sive loading, but as the plastic deformation continues,
mixed type of deformation becomes apparent.
8. Although the heat-treated sample deforms in

a ductile manner at the early stage of the deforma-
tion, due to multiple discrete cracks generating on the
different zones of the foam body, the brittle fracture
mechanism dominates the failure. After the loading,
the sample divides into a lot of pieces and loses its
one-piece structure ultimately.
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