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In this study, based on directed energy deposition (DED) technology, one of the additive manufacturing technologies, a
porous material fabricated by mixing various aluminum alloys and foaming agent was manufactured. First, the foaming
agent formed pores inside the deposited materials and differences in foaming characteristics were observed depending on
the type of aluminum. Also, the foaming characteristics according to the laser power, which is a representative process
variable, were analyzed. As a result, a closed-cell porous material with a maximum porosity at a laser power of 1,100 W
was manufactured. Results of the compression test showed that the porous material made by the pores generated therein
collapses to absorb energy, and the internal pores disappear to become high density. Therefore, Young’s modulus and yield
stress were reduced by the pores inside the sample of pure aluminum and Al6063. However, it was found that the specific
energy absorption, which is an advantage of the foamed materials, increased compared to non-porous materials. The
findings of this study confirmed that it was possible to manufacture DED-applied foam materials using aluminum powder

and a foaming agent.
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Fig. 1 (a) Schematic of the principle of DED process and (b)
equipment of DED process
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Fig. 2 SEM images of powders: (a) pure aluminum, (b) Al6063, (c)
AlSi10Mg, and (d) foaming agent

Table 1 Chemical compositions of the powders [wt%)]

Pure

Element Aluminum Al6063 AlSil0Mg
Al Bal. Bal. Bal.
Mg - 0.62 0.339
Si 0.0435 0.23 9.654
Fe 0.1034 0.32 0.122
Cu 0.0013 0.03 -

Zn - 0.01 0.053

Mn - - 0.041
(0] <0.1 - -

Others - 0.27 0.102

unit: mm

Fig. 3 Preparation of specimen for compressive test
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Fig. 5 Optical images of cross sections of deposited-foam samples: (a) as-foamed pure aluminum, (b) as-foamed Al6063, and (c) as-foamed

AlSil10Mg
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Fig. 6 3D CT images of cross sections of foamed-deposit samples
at different laser powers
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Fig. 8 Optical microscope images showing residual particles in (a)
pure aluminum, (b) Al6063, and (c) AlSil0OMg fabricated
with foaming agents

Figs. 10(a)-10(d)y:= 2} Al@ ol gk 45 Aol & 54
S YEHY it} As-built Pure Aluminum} As-built Al6063
< drEAgle] ASE AEol vls| SAA FESHol

2000
As-built pure aluminum
— — As-foamed pure aluminum
As-built A16063
1500 H— - — As-foamed A16063 7
— - - = As-built AlSi10Mg 7
= - - == As-foamed AISi10M, e
& s-foame i10Mg 7
2 1000
e
(2]
7]
5]
=
=1
N 500+
0
0.0

Fig. 9 Compressive stress-strain curves of fabricated porous
material samples obtained from compressive test
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