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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

Alg]& 71810 =(SiC) ARE(Sandpaper)2 #2400 grit7bA] u}
3t &, tpojor= AATAM(Diamond Suspension) £ 0=

0.1 pm grade7}#] Aupsteict. o] Az (Keller) §H-& 0|83}



790/ October 2023

of| A (Etching)a} 3t} &= AlE-2> ASTM E3840f F£a}o] ulo]
32 HAA AEA(Akashi, HM-122)5 A}gale] nA] Ax
(Microhardness)g 43t 0H, 315 0.1 kgf22 1027+ ¢F¢lst
o] B g&9] "AS SAsIE dFAIELS v AE AIE
7] (KDMT-158, South Korea)s AME3SI2H, 0.5 mm/min®]
SEE QM AHS $EIh A Al 33 HHE AR
B E} T3 Y- E FAHCRRE A 7270l gk &
FAGE AAtgon, B 2L 0.2% 9 ZA(Offset) W

= 715—0}04 53T

o, FHoA = EHE2 o= WEEAL Qo
=]

EFS Frte 4= Qo Tx H5E o YR hgr(As foamed
Pure Alummum),J AA A& ol 8.7 mmo|H, AA &=0](3
mmith 57 mm A A2F AL ST 4 k. W 42
%l Al6063 (As-foamed Al6063)2] AA| #

A7 olwct 21 mm o %7 %ﬂi’iﬂlﬂ, 42
AlSil0Mg (As-foamed AlSilOMg)of| A= m ¢ =4 A&
goles kel 2= 9tk wabA, AoA] Zos

AT T4
URulge WEFo] 1 Wk AL HHACR 2R 5

2
>y o]-_] "—‘
W
I“N

Fig. S W2 453 A150) gl A Rojer), Wi
2 Wbstel A2E 2419 Yol o Zlgol YAE A
B 4 ot 94, 4% unle] A4 71T 7R WAL
U ik A B R H, 7kt iiitel 24 7]
T WA S, Hauser 59 o] ofsta ofefst 4

32 b

of o3t 7|5 the 7ls Rt wHEsHA fasital Hast
FUTH14]. T3, e 4shre g Z22817] iz 7159
FAdsk=tl qlo] Pl =fo] Hrkal HarskGich. whebA,
o ofsff HAE 7152 HESL 7] FAS UEiaL 3l
o} Al 7HA] MEZEL H|wshH, As-foamed Pure Aluminum-2-
As-foamed Al60637} As-foamed AlSil0Mgof H|3] 7|52 74
o} mA77F 2 Aoz M= ESE As-foamed Al60630A4 =
4% SIS 713 1N Aok Ak o 5 sl ol
Al6063°] EZJFE|0] Q= Mge] degol e A=

Flo HE
Y
Fﬂ
il

Kim 5ol wt2H, 0.45-09 wt% F=2] Mg i3k 884
SRl IO ERYHL WRid] Asihn B ush
[15]. %, Al60G3e] THRle] 9 Mge Egee wiol

R
Deposited height:  Deposited height:  Deposited height:
8.7mm 5.1 mm 8.1 mm
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AlSil0Mg
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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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pure
alumlnum Al6063 AISi1 OMg

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