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Aluminum Alloy Fabricated Using Selective Laser Melting
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This study investigated optimum laser irradiation conditions to densify AC4CH alloy fabricated using
selective laser melting (SLM), which produced specimens having relative density of 99.8%. The microstructures
and mechanical properties of the dense SLM specimens fabricated under the optimum laser irradiation conditions
were also investigated. The dense SLM specimens had ultimate tensile strength, yield strength, and breaking
elongation of 400 MPa, 200 MPa and 12-17%, respectively. All of these values considerably exceeded those of
permanent mold casting materials. The superior mechanical properties of the SLM specimens can be attributed to
fine dendritic cellular microstructures and relative density of almost 100%. Investigation of the effects of annealing
on the microstructures and mechanical properties revealed a clear difference in annealing behaviors between those
of the SLM specimens and those of the casting materials. As the annealing temperature rose, the breaking elongation

of the SLM specimen increased extremely, whereas the ultimate tensile strength and yield strength decreased.
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Table 1 Chemical composition of AC4CH aluminum alloy powder and its specification in JIS (mass%).

Fe Cu Si

Mn Mg Ti Al

Powder 0.16 0.01 7.12
Specification  <0.20 <0.20 6.5-7.5

0.03 <0.01 0.29 <0.01 Bal.
<0.10 <0.10

0.25-045 <0.20 Bal.
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Table 2 Laser irradiation conditions.

Layer thickness (mm) 0.03

Laser power (W) 200-370
Scan speed (mm/s) 400-3000
Scan spacing (mm) 0.08-0.18

Fig. 1 SEM image of AC4CH aluminum alloy powder.
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Fig. 2 Schematic illustration of laser scanning pattern.
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Fig. 3 Horizontal and vertical cross sections for
microstructural observation.



KBFAL EESERANRE A WIZEIT IS No.30, 2016

Building
direction

»

Parallel specimen 0° )

fre—

Building plane

|

Perpendicular specimen (90° )

Fig. 4 Arrangement of tensile SLM specimens on
a base plate angled at 0° (parallel) and 90°
(perpendicular) to a building direction.
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Fig. 5 Relative density of SLM specimens plotted as a
function of scan speed and laser power.
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Fig. 6 Relative density of SLM specimens plotted as a
function of scan spacing.
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Fig. 7 Relative density of SLM specimens plotted as a
function of energy density.
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Fig. 8 Optical micrographs of horizontal cross sections of
SLM specimens fabricated under the (a) low- and
(b) high-energy density conditions.

Table 3 Semi-quantitative gas composition of a high-
energy density SLM specimen analyzed by
quadrupole mass spectrometer (QMS).

Gas Gas content
species (vol%)
Ar 67

H, 30
Others 3

2004 m

Fig. 9 Optical micrograph of a horizontal cross section of
an SLM specimen fabricated under the optimum
laser irradiation conditions.

(a)Horizontal

Fig. 10 Optical micrographs of (a) horizontal and
(b) vertical cross sections of an SLM specimen
fabricated under the optimum laser irradiation
conditions.
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Fig. 11 SEM images of (a) horizontal and (b) vertical
cross sections of an SLM specimen fabricated
under the optimum laser irradiation conditions.
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Fig. 12 Mechanical properties of as-fabricated SLM
specimens fabricated under the optimum laser
irradiation conditions (UTS; ultimate tensile
strength, YS; yield strength at 0.2% nominal
strain, El; breaking elongation).
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Fig. 13 SEM images of horizontal cross sections of
(a) as-fabricated SLM specimen and heat-treated
SLM specimens annealed for 5 h at (b) 150 °C,
(c) 200 °C, (d) 250 °C, (e) 300 °C and (f) 350 °C.

Fig. 14 SEM images of vertical cross sections of
(a) as-fabricated SLM specimen and heat-
treated SLM specimens annealed for 5 h at
(b) 150 °C, (c) 200 °C, (d) 250 °C, (e) 300 °C
and (f) 350 °C.
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Fig. 15 Change of ultimate tensile strength (TS) and
yield strength at 0.2% nominal strain (YS) of
heat-treated SLM specimens annealed at various
temperatures.
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Fig. 16 Change of breaking elongation (El) of heat-
treated SLM specimens annealed at various
temperatures.
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