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Al-Si-Mg Foam Produced by 3D Printer
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Abstract

AlsosSiloMgos metallic foam was produced by 3D metal printer. The design
pattern has a triangular-like structure and it consists of aligned wires. The structure was
designed so that the distance between wires is 1 mm and the wire diameter is 1.2 mm.
X-ray results showed that sample has a cubic structure with nm grains. Also, detailed
element mapping indicated that sample has a homogenous distribution state of the
reinforcement throughout the Al matrix, which also a clear indication of single phase.
Compressive stress—strain curves shows the typical compressive behaviour of metallic
foams consists of a narrow linear elastic area followed by a plateau regime and then a

sharp increase.
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3D Yazic1 Tarafindan Uretilen Al-Si-Mg Kopiik
Ozet

AlsosSi10Mgos metalik kopiik 3D metal yazici ile iiretildi. Tasarim deseni liggen
benzeri bir yapiya sahiptir ve hizalanmis tellerden olusur. Yapi, teller arasindaki mesafe

1 mm ve tel ¢capt 1.2 mm olacak sekilde tasarlanmistir. X-151n1 sonug¢lart numunenin nm
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tanecikli kiibik bir yapiya sahip oldugunu gosterdi. Ayrica, detayli element haritalamasi
ile numunenin Al matrisi boyunca homojen bir dagilim durumuna sahip oldugunu ve
ayn1 zamanda tek faza sahip oldugu belirtildi. Basinca bagh gerilme-sekil degistirme
egrileri, dar bir dogrusal elastik alan boyunca keskin bir artiy meydana getirdigi,

dolayisiyla bu da metalik kopiiklerin tipik basing davranist 6zelligini gostermektedir.

Anahtar Kelimeler: Metalik kopiik, 3D yazici, Baski gerilimi.

Introduction

Metal foams have found application in many areas including aerospace, electronics
and automotive among others [1-6]. Mechanical, thermal and acoustic properties of
metal foams are making them attractive for various applications [5-6]. Addition to their
current applications, metal foams are found to be useful for the construction of light
weight structures, filters, energy absorption devices, currently being used by some
vehicle manufacturers [4, 7]. Particularly, automotive industry requires light materials
with crash safe structure, efficient thermal conductivity, energy absorber etc. [7-9]. In

this sense, Aluminium alloys or aluminium foams looks possible material.

There are many methods to produce Al foams [10-14], but it is not possible to
control the dimensions and distributions of pores in the most of the previously reported
methods. Since, the foam produced by these methods has a structure of randomly
distributed metal and voids. Consequently, the structure is not homogeneous through the
sample and moreover, it cannot be reproduced with the same void size and distributions
exactly. This leads to change in the mechanical properties of sample and degree of
porosity. Modern technology gives us this opportunity, because today design and
production of materials are much easier using 3-D metal printers. Many types of
materials have been produced by 3-D metal printers and these materials have found
application in many areas like; biotechnology, artificial organs, electrode, batteries,

electronic and some ultralight materials [15-17].
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In the previous studies, mostly mechanical properties of foam were reported [18-
21]; in this article we present structural and mechanical properties together. We have
produced Al foam using 3-D printer and the structural and mechanical properties of the
produced foam are reported. The designed foam has triangular pores shape and

homogenously distributed with pore size of 1 mm.

Materials and Methods

Al foam was produced by Shapeways Company. The aluminium foam material was
printed with about 89.5% aluminium, 10% silicon, and 0.5% magnesium powders. We
need to use silicon due to production process of foam by 3-D printer and magnesium to
improve mechanical properties. It has been also reported that Aluminium-Silicon alloys
are of great importance to engineering industries as they exhibit high strength to weight
ratio, high wear resistance, low density, low coefficient of thermal expansion etc. [22].
Therefore, we assumed that Al addition has a positive effect on the mechanical
properties of foam. In the production process, laser melting uses a high powered laser to
fuse fine metallic powders together. Fabrication takes place on a build platform with
supports to anchor the part. A bed of 89.5% aluminium, 10% silicon, and 0.5%
magnesium powder sits above this build platform. One layer at a time, the powder is
melted by a laser and then quickly cooled to solidify the metal. This process is repeated
until the part is completed. Horizontal areas and edges print with an automatically
generated support structure to prevent the feature from sagging into loose powder. The

support is then removed and polished away from the foam during post-processing [23].

In order to analyse the foam’s mechanical properties the specimens were submitted
to uniaxial compressive tests. Tests were performed in a universal testing machine
Instrom at room temperature and in air. Structural properties of materials were
investigated using X-ray, SEM, EDX systems. The X-ray diffractograms were recorded
with a power diffractometer at room temperature using Cu-Ka radiation. A LEO EVO
40 VP SEM system attached to a Rontec 3000 detector was used and micro structural

analysis was carried out on an energy-dispersive EDX system. Colour mapping and
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phase formation results were investigated using electron probe microscopy analysis
(EPMA) results from the same detector. Foam is polished and cleaned before X-ray,

SEM and EDX analysis.

Results and Discussion

3-D metal printer gives us an opportunity to design and create ordered structures
with highly controlled and predictable properties. The design pattern has a triangular-
like structure schematically illustrated in Figure la. In the first layer, the wires are
arranged in parallel to each other to form a horizontal plane. The structure is designed
so that the distance between wires is 1mm and the wire diameter is 1.2 mm (Figure 1).
The wires in subsequent layer are oriented orthogonally to the wires in the previous
layer. Additionally, the wires on the two layers lower are arranged below the spaces in
the two upper layers. In other words, every other layer is shifted orthogonally to the
wire direction by half the pitch relative to two layers below it, which leads to the
structure to repeat every four layers. Such a design form a triangular structure as can be
seen in Figure la. The produced foam has 50*50 mm dimensions and has 16 mm width.
The picture of produced foam is given in Figure 1b. It was calculated that the structure

has a volume fraction of about 0.40.

Bi20
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Figure 1. a) Schematic illustration of design triangular foam, b) Picture of produced foam.

X-ray spectrum of foam shows that sample has an exactly same peaks with
Al321S10.47 structure, sample has a cubic structure with a single phase and no impurities
are exist (Figure 2). The average crystallite size, D, was calculated using Debye-
Scherer equation after correction of instrumental broadening. D is given by A/(FWHM*
Cos 0), where A is wavelength of x-ray, FWHM is the full width at half maximum of
max peak in x-ray spectrum and 0 is the Bragg angle [24]. The calculated D value is
about 20 nm. SEM pictures show that surface of materials smooth and clean (Figure 3).
EDX analysis performed on the different section of sample and found Al 89.21%, Si
9.65% and Mg 1.14% throughout sample (Figure 4). This percentage of Al, Si and Mg

are in good agreement with starting percentages.
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Figure 2. X-ray spectrum of foam.
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Figure 3. SEM pictures of foam.
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Figure 4. EDX spectrum and results.

Figure 5 shows the EDX element mapping of foam, corresponding to the
distributions of Al, Si and Mg. Each element was indicated by a different colour. In
colour mapping, Al was represented by green, Si by green and Mg by dark blue. The
small pictures show the distribution of each element in the picture. This colour element
mapping clearly shows that sample has a homogenous distribution state of the
reinforcement throughout the Al matrix, which also a clear indication of single phase.

S
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Figure 5. EDX elements mapping of foam. Al was represented by green, Si by green and Mg by dark
blue.
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Figure 6 presents the compressive stress—strain curves obtained for Al foams,
which shows the typical compressive behaviour of metallic foams which consists of a
narrow linear elastic area followed by a plateau regime in which foams compress at a
relatively constant stress over a prolonged strain range. The foam has 2.7 MPa Yield
stress and an average plateau stress of 2.85 MPa, these values of the current foam is

comparable to previously reported values of Al foam produced by 3D printer [10-11].
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Figure 6. Compressive stresses versus strain curve.
Conclusions

Three-dimensional printing of Al-Si-Mg foam was successfully designed and
produced. Details structural analysis by X-ray, SEM and EDX showed that sample has a

cubic crystal structure and elements spread homogeneously throughout the foam.

Compressive stress response was studied in printed foam. It was found that

Compressive stress increases first linearly and then remains nearly constant with
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increasing strain. The Yield stress and an average plateau stress are 2.7 MPa and 2.85

MPa, respectively.
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