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Abstract: A new Al—4.77Mn—1.37Mg—0.67Sc—0.25Zr alloy (wt.%) was prepared by selective laser melting (SLM)
technique under different processing parameters, and the microstructure and mechanical property of the SLM alloys
were investigated by tensile tests and microscopy methods. The results show that when the energy density ranges from
104 to 143 J/mm?, the mechanical properties remain relatively stable. The yield strength, ultimate tensile strength and
elongation are 335—-338 MPa, 397—400 MPa and above 11%, respectively. Meanwhile, few defects and coarse
intermetallics form and lots of fine AIFeMnScZr phases precipitate. When the energy density exceeds 152 J/mm3, some
cavities and cracks can be observed, and elongation decreases sharply. The quantitative calculation results show that the
solid solution strengthening, grain boundary strengthening and precipitation strengthening account for 44%, 41% and

15%, respectively.

Key words: selective laser melting; aluminium alloys; tensile property; strengthening mechanism; microstructure

1 Introduction

Additive manufacturing (AM), commonly
known as 3D printing, has become an advanced
technology for manufacturing complex geometries
close to their net shape [1—4]. The most widely
used AM technology is selective laser melting
(SLM). During the SLM process, a high-energy
laser beam selectively melts the powder layer and
the solid components accumulate [5—8]. As SLM
can directly manufacture complex structures, the

production efficiency and the manufacturing
precision improve significantly. In addition,
compared with the traditional manufacturing

processing, SLM technology greatly reduces the
waste of raw materials and has many environmental
advantages [9].

Compared with the cast aluminum alloys,
selective laser melting aluminum alloys have more
product defects, such as porosity and cracks.
Therefore, their mechanical property and fatigue
life are inferior to the cast alloys [10]. Scanning
speed and laser power in the SLM process have
significant influence on the quality of 3D printed
samples [11]. Many scholars have done a lot of
relevant research on improving the mechanical
property of SLM aluminum alloy by optimizing
SLM processing parameters. The SLM parameters
are related to the energy absorbed by the molten
pool in the SLM process, thus affecting the
solidified microstructure [12]. BAYOUMY et al [13]
prepared the AlI-Mn—Mg—Sc—Zr alloys with different
laser powers and scanning speeds, and they
finally concluded that the alloys prepared under
350 W and 1600 mm/s had the best properties. By
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optimizing SLM process parameters, the porosity of
3D printed samples can be reduced [14]. KEMPEN
et al [15] optimized a set of SLM process
parameters and obtained AlSil0Mg alloy samples
with fine microstructure and good mechanical
properties comparable to casting materials.

Currently, material researchers focus on
developing SLMed aluminum alloys with a good
performance by alloying design. LI et al [16]
conducted a study on the Al-6.2Mg—0.36Sc—0.09Zr
alloy sample prepared by SLM, and the results
showed that the alloy had high compressive
strength up to 390 MPa. WU et al [17] studied the
effect of melting mode on mechanical properties
during the preparation of AISi10Mg alloy by SLM.
The results show that the alloy with high tensile
properties (tensile strength 458 MPa, yield strength
293 MPa, and elongation 7.7%) can be obtained
under the transition mode. LI et al [18] developed a
new Si- and Zr-modified Al-Zn—Mg—Cu (Al7075)
alloy powder for SLM and obtained excellent
tensile properties (tensile strength 446 MPa,
elongation 6.5%) of the SLM alloy sample. The
above results show that good alloying design is the
basis of achieving superior performance.

In this work, we design a new SLM Al-Mn—
Mg—Sc—Zr alloy and try to obtain high strength and
good ductility by optimization of SLM processing
parameters. Based on the above, the detailed
microstructure will be characterized to clarify the
main strengthening mechanisms.

2 Experimental

2.1 SLM powder and method

Table 1 shows the compositions of the SLM
aluminum alloy powder. The morphology of the
metal powders was observed on a Nova
nanoSEM430 field emission scanning electron
microscope, and the results are shown in Fig. 1. It
can be seen from Fig. 1(a) that most of the powders
are spherical and only a few irregular ellipsoidal
powders exist. Besides, few powders adhere to the
surface of large powders in the high-magnification
SEM image (Fig. 1(b)). Figure 1(c) shows the
particle size distribution of SLM powders, obtained
from the Mastersizer 3000 laser particle size
analyzer. It can be seen that the particle size ranges
from 4 to 40 um. The median size of particle is
22.4 pm, the mean size is 26.1 um and the particle

size difference is small. Particle size up to 14.1 um
accounts for 10% and particle size up to 35.7 um
accounts for 90% of particles.

Table 1 Chemical compositions of SLM alloy powder
(wt.%)

Mg Mn Fe Sc Zr
1.37 4.77 0.052 0.67 0.25
Si Cr Ti Zn Al
0.10 0.0050 0.0022 0.0044 Bal.
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Fig. 1 SEM images (a, b) and size distribution (c) of
SLM metal powder

In this work, the SLM process parameters
were optimized by comparing the performance of
aluminum alloy printed at different laser powers
(310, 330, 350, 370 W) and scanning speed (800,
900, 1000, 1100 mm/s). The scan strategy is shown
in Fig. 2. Other major technological parameters in
the SLM process are: the layer thickness 0.03 mm,
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the scanning spacing 0.02 mm, the hatch distance
0.09 mm, the stripe width 5 mm, and the preheating
temperature 35 °C. Four SLM parameters, laser
power, scanning speed, scanning spacing and layer
thickness, can be comprehensively reflected by
energy density [19], and their relationship is as
follows:

_r
Vit

where E is the energy density (J/mm?), P is the laser
power, A is the scanning spacing, ¢ is the layer
thickness, and V' is the scanning speed. Combined
with the SLM parameters selected in this
experiment, the energy density of 16 samples was
calculated as listed in Table 2.
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Fig. 2 SLM scanning strategy

2.2 Hardness and tensile test methods

Samples for hardness tests were mechanically
ground with 600—1600 grit paper and polished with
1.5 um diamond pulp, and finally measured on
an HVT-1000A Vickers micro-hardness tester
(loading force F=1.96 N, loading time =15 s).
Three hardness values for each sample were
obtained, and the average values and the standard
deviations are present in this paper.

The tensile test samples were fabricated
directly by SLM. Their dimensions are shown in
Fig. 3. MTS 810 tensile testing machine was used
for obtaining mechanical properties at room
temperature and the tensile speed was 1 mm/min.
Besides, the direction of the tensile test sample is
perpendicular to the building direction. The
corresponding ultimate tensile strength (o), yield
strength (00.2) and elongation () are obtained.

Table 2 Energy density and hardness of SLM samples
under different process parameters

Sample PIW 17 Energy density/ Hardness

No. (mm-s™) (J'mm™) (HV)
1 310 800 143 116+0.8
2 310 900 127 11710
3 310 1000 114 118+1.4
4 310 1100 104 120£0.6
5 330 800 152 113£1.3
6 330 900 135 123+£1.3
7 330 1000 122 120+1.4
8 330 1100 111 121+0.8
9 350 800 162 117+£1.3
10 350 900 144 119£1.6
11 350 1000 129 120+1.3
12 350 1100 117 119+1.3
13 370 800 171 115+£0.7
14 370 900 152 118+1.3
15 370 1000 137 117+£1.3
16 370 1100 124 117£1.7
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Fig. 3 Dimensions of tensile samples (unit: mm)

2.3 Microstructure characterization methods

A Nikon LVI50N optical microscope (OM)
with 220V/50Hz power was used to observe and
analyze the defects of 3D-printed aluminum alloys.
The fracture morphology of the failed samples and
the distribution of elements on the surface of the
tensile specimens were analyzed on a Zeiss
EVO10-3412 scanning electron microscope and
an X-MAXS50 energy spectrometer. The phase
identification was conducted on a D8 ADVANCE
X-ray diffractometer (XRD) with a scanning speed
of 2 (°)/min (Cu K, radiation, 4=0.154 nm). Grain
size, morphology and phase distribution of
3D-printed aluminum alloys were observed on a
Titan G* 60-300 field emission projection electron
microscope with spherical aberration correction.
EBSD specimens were characterized on an FEI
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Helios nano-lab 600i scanning electron microscope
(SEM), equipped with an EBSD detector (Oxford,
NordlysMax2), operating at 20 kV, with a scanning
step size of 1.4 pm.

3 Results

3.1 Effects of SLM processing parameters on

defects and hardness

Figure 4 shows the OM images of the surface
of 16 SLM samples. Sample 10 has the largest
cavity size and density, followed by Samples 5, 13
and 15. Samples 1, 7 and 11 have fewer and smaller
cavities. Unlike the other samples, the obvious
crack can be observed in Sample 2. On the whole,
Samples 4, 6, 8 and 16 have good SLM quality.
At the same laser power, when the scanning speed
is low, there are many large holes. When the
scanning speed increases, the number of large holes
decreases, but the number of small holes increases.
Considering both scanning speed and laser power,
with the increase of energy density, the number of
holes increases. This is because the alloy powders
absorb too much energy in the molten pool under
the high energy density condition, and the liquid
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metal moves violently and causes sputtering,
forming cavities.

Figure 5 shows the influence of scanning
speed and laser power on sample hardness. The
hardness is listed in Table 2. The results show that,
with the increase of scanning speed, the sample
hardness firstly increases and then decreases
(Fig. 5(a)). When the laser power increases, the
hardness of the samples increases first and
then decreases (Fig. 5(b)). Sample 6 (135 J/mm?)
has the highest hardness (HV 123), followed by
Sample 8 (111 J/mm?®) with HV 121. The hardness
of the Sample 5 (152J)/mm?) is the lowest,
only HV 113. Within the energy density scope of
104—143 J/mm?3, the hardness is in a stable range of
HV 117 to HV 123. When the energy density is
higher than 152 J/mm?, the hardness is lower than
HV 115.

The above hardness results can be explained
by the following reasons. When the energy density
is low, the molten pool absorbs insufficient energy.
Therefore, the alloy powder does not have enough
energy to melt completely, and it is easy to form
pores, cracks and other defects, leading to low
hardness. However, when the energy density is too
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Fig. 4 OM images of Samples 1-16
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high, the powder layer absorbs too much energy,
which makes the liquid alloy in the molten pool
move violently and produce spheroidization [20,21],
reducing the hardness. Therefore, the selection of
energy density should be in a suitable range. In this
case, the metal powder can be melted completely,
and the generation of defects reduces, improving
the hardness of the samples.
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3.2 Effects of SLM processing parameters on
surface roughness
Combined with OM and hardness results, the
samples produced under typical SLM processing

parameters were selected for the subsequent
characterization. Figure 6 shows the three-
dimensional surface morphology of samples.

The surface morphology of Samples 1, 5, 6 and 8 is
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Fig. S Influence of scanning speed (a) and laser power (b) on hardness of SLM samples
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Fig. 6 Three-dimensional surface morphology of different samples: (a) Sample 1; (b) Sample 4; (c) Sample 5;

(d) Sample 6; (e) Sample 8; (f) Sample 13; (g) Sample 16
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smooth (Figs. 6(a, c, d, ¢)), while sharp
protrusions can be seen on the surface of Samples 4,
13 and 16 (Figs. 6(b, f, g)). Figure 7 shows the
roughness changes with energy density. The red
zone is the roughness of the samples with a speed
of 1100 mm/s, and the green zone is the roughness
of the samples with a speed of 800 mmy/s. It is
obvious that the surface roughness increases with
the increase of scanning speed. When the scanning
speed is the same, the roughness of the sample is
close to each other and increases slightly with the
increase of energy density. In conclusion, scanning
speed is the main influencing factor of surface
roughness. This is because at high scanning
speed, residual metal powder particles are not
completely melted and adhere to the sample surface

some

after SLM processing, which increases the
roughness.
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Fig. 7 Influence of energy density on surface roughness

3.3 Effects of energy density on mechanical

property and fracture morphology

Figure 8 shows the stress—strain curves of
typical SLM samples. The yield strength, ultimate
tensile strength and elongation are listed in Table 3.
As can be seen from the stress—strain curves, the
strength and elongation of Sample 13 (171 J/mm?)
are the lowest. The highest yield strength is up to
338 MPa (Sample 8). The highest ultimate tensile
strength is 400 MPa (Sample 6). The maximum
elongation is 14.8% (Sample 8). When the energy
density ranges from 104 to 143 J/mm?’, the
mechanical properties remain relatively stable. The
yield strength, ultimate tensile strength and
elongations are 335—338 MPa, 397—400 MPa and
above 11%, respectively, indicating that the
mechanical properties remain relatively stable in
this energy density range. The elongation of

samples with a high energy density is lower than
that of samples with a low energy density. When
the energy density is higher than 152 J/mm?, the
elongation decreases sharply, only 6%—8%.
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Fig. 8 Stress—strain curves under different SLM

processing parameters

Table 3 Influence of energy density on mechanical
properties of SLM specimens

" (Jrmm?d) MPa MPa
1 143 33540.7 397+1.4 11.9+0.6
4 104 336+1.1 397+1.6 13.7£0.7
5 152 33440.5 39040.7 8.420.3
6 135 336£1.2 400£0.8 13.4+£0.4
8 111 338+0.6 397£1.0 14.840.5
13 171 332+0.9 369+£1.1 6.3£0.4
16 124 33540.5 398+0.7 11.320.5

Figure 9 shows the SEM fracture morphology
of the tensile samples. The results indicate that the
fracture surface of Samples 1, 4, 6, 8 and 16 with
low energy density (Figs. 9(a, b, d, e, g)) have only
a few holes, and Sample 6 (135 J/mm?) has the least
holes. Samples 5 and 13 (Figs. 9(c, f)) with higher
energy density have a large number of cavities on
the fracture surface with sizes ranging from 35 to
130 um, and a few microcracks are also found. It
can be seen that the porosity of SLM aluminum
alloy increases with the increase of energy density.
This is because the energy density is too high, and
the alloy powder absorbs too much energy per unit
time during SLM processing, which leads to the
spheroidization of the molten pool and the
formation of cavities and microcracks.
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Fig. 9 SEM fracture morphology: (a) Sample 1; (b) Sample 4; (c) Sample 5; (d) Sample 6; (¢) Sample 8; (f) Sample 13;

(g) Sample 16

In the amplified fracture images of the samples,
it can be seen that there are a lot of dimples on the
fracture surface, which indicates that the samples
have the characteristics of ductile transgranular
fracture. SEM results verify that the elongation is
mainly affected by the original defects such as
cavities and microcracks. This is because the
defects can result in local stress concentration
during the tensile process. The plastic deformation
of the matrix and the formation of dimples between
the adjacent holes connect the holes, leading to the

appearance of microcracks, which further extend to
the entire surface and cause the fracture of the
material. SEM results are in agreement with the
literature [22,23].

3.4 Effects of energy density on phase,
intermetallics, element distribution, grains
and microtextures

Figure 10 shows XRD results of alloy powders
and SLMed alloys. The results indicate that
only four a(Al) diffraction peaks, Al(111), Al(200),
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Fig. 10 XRD patterns of powders and SLM alloys

Al(220) and AI(311) can be detected. Compared
with the alloy powder, the strongest Al peak of the
sample prepared by SLM changes from (111) to
(200). This is because the grains formed in the SLM
process grow preferentially along the (200)
direction. Compared with the metal powder, the
peak position of SLM alloy is shifted to the left.
And with the decrease of energy density, the
diffraction angle of the Al (200) diffraction peak
gradually shifts to a lower angle. This may be due
to the solid solubility of alloying elements in the
aluminum matrix during the SLM process, and
the increase of crystal plane spacing and cell
parameters, leading to lattice distortion. According
to the diffraction equation, the diffraction angle
tends to be lower. In addition, the half-width of the
molded sample did not change, indicating that the
grain size did not increase significantly. It can be

(b)

l;

etallics 8
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seen that the diffraction intensities of the three
samples with the lowest energy density are all large,
indicating that the Al phase has good crystallinity
with these energy densities.

Figure 11 shows the backscattered electron
scanning images and EDS results of intermetallics.
It can be seen that there are some small cavities and
coarse intermetallics on the SLM sample surface.
Samples 1, 4, 6 and 8 (Figs. 11(a—d)) have a few
pores and small pore size. Figure 11(e) shows that
there are many cavities with large size. This result
is consistent with the surface morphology of the
tensile fracture above. In addition, a large number
of irregular coarse intermetallics are found on the
surface of the samples. Sample 13 (171 J/mm?®) has
the most intermetallics, the largest phase size and
the most concentrated distribution. In other four
samples, the distribution of intermetallics is more
dispersed than that in Sample 13, and the number of
intermetallics is much less than that of Sample 13.
Among them, the intermetallics of Sample 6 are the
least and almost invisible in the matrix. According
to the EDS results (Fig. 11(f)), the intermetallics
consist of 10.2% Mn and a small amount (less than
1%) of Mg and Sc. Surface scanning results of
Sample 6 are shown in Fig. 12. Al, Mn, Mg and
other main elements on the sample surface are
evenly distributed without macroscopic segregation.

The concentrated distribution of intermetallics
increases the possibility of crack formation in
the alloy subjected to external stress [24], and the
interlacing of cavities and intermetallics makes it
easier to form microcracks. Therefore, Samples 1, 4,

Intermetallics

Intermetallics

Element  wt.%

Al 88.3
Mn 10.2

15

Fig. 11 SEM images (a—e) and corresponding EDS results (f): (a) Sample 1; (b) Sample 4; (c) Sample 6; (d) Sample 8;

(e) Sample 13
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Fig. 12 Element distribution maps of Sample 6

6 and 8 (energy density between 104 and 143 J/mm?)
with fewer and dispersed intermetallics are less
likely to form microcracks due to the stress
concentration and exhibit better tensile properties.
By comprehensive analysis of the above
experimental results, it can be seen that the samples
with energy density of 104—143 J/mm® have good
properties and few defects. To further study their
microstructure, TEM, HAADF-STEM and EDS
Chemi-STEM mapping scanning images of Sample
6 with an intermediate energy density (135 J/mm?),
are shown in Fig. 13. The grain size of Sample 6
is  0.8-2.1 pm. Figure 13(b) shows that the
precipitated phase is uniformly distributed in the
grains, and its size ranges from 60 to 90 nm.
STEM-EDS results (Figs. 13(c—h)) further indicate

that the precipitate is the AIMnFeScZr phase.

Figure 14 shows the EBSD maps and pole
figures of Samples 4, 6 and 13. The building
direction (BD) is shown in Fig. 14. Three samples
all consist of columnar crystals and equiaxed grains.
Columnar grains are at the central area of the
molten pool, growing along the building direction.
The width of columnar grains is 2—10 pm.
Equiaxed grains are at the bottom of the molten
pool with a grain size of 1-3 um, which is the
fine-grain zone. The grain size of Sample 4
(Fig. 14(a)) in the fine-grain region is less than
1 um, and the grain width of the columnar grain
region is 4—7 um. The grain diameter of Sample 6
(Fig. 14(b)) is 1-3 pm in the fine-grain zone
and2—5 pm in the columnar grain zone. Sample 13
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Fig. 13 TEM (a, b), HAADF-STEM and EDS Chemi-STEM (c) images, and corresponding element distribution (d—h)

(Fig. 14(c)) also has very fine grains in the fine
grain zone, about 1 pm, with fewer columnar grains
and a grain width of 4—10 um. Comparing the
EBSD of the three samples, the grain size of
Sample 13 is the smallest, but there is a great
difference in grain size between fine and columnar
grain regions. The grain diameter of Sample 6 is
relatively average. In addition, Samples 4 and 6
have obvious molten pool structures.

According to the microstructure characteri-
zation and pole figures of the columnar and
equiaxed regions of Sample 6 (Figs. 14(d, e)), it is
found that the columnar crystal has an obvious

preferred orientation, while the grain orientation in
the equiaxed crystal region is random. This is
because there is a large thermal gradient in the
molten pool during the SLM manufacturing
process. When the laser melts the metal powder, a
large number of small grains nucleate at the edge of
the molten pool. The grains in the direction of (100)
preferentially grow to the center of the molten pool
and form columnar grains. Other grains still exist
as equiaxed grains at the edge of the molten
pool. Therefore, the texture of Samples 4 and 6 with
obvious columnar crystals is stronger than that of
Sample 13 with a large equiaxed crystal region.
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area of molten pool

4 Discussion

4.1 Proper selective laser melted processing
parameters

According to the experimental data obtained
in this work, the defects, microstructure and
mechanical properties of 3D-printed aluminum
alloy are related to SLM parameters. Therefore, the
influence of laser power and scanning speed should
be considered to optimize the SLM process
parameters, and the energy density should be
analyzed comprehensively.

During the SLM process, it is easy to form lots
of defects. Firstly, the inert gas getting into the
molten pool is too late to escape and form
cavities [25]; Secondly, the absorption energy of the
molten pool is too low to make the powder melt
completely, which is easy to form cavities. Thirdly,
the molten pool absorbs too much energy, leading
to violent convection of internal liquid metal and
sputtering, and finally forming holes. From the
above experimental results, it can be seen that the
defect and microstructure of Samples 1, 4, 6, 8, and
16 with energy density of 104—143 J/mm® are
similar. There are a few pores, microcracks and

. da |
an Y ;‘ m".gt 1 ==

Fig. 14 EBSD maps and pole figures: (a) Sample 4; (b) Sample 6; (c) Sample 13; (d) Bottom of molten pool; (¢) Central

coarse intermetallics formed in the SLM process.
And they have fine grains and uniform distribution
of elements. The strength performance is also
excellent and stable within this energy density.
Therefore, the energy density between 104 and
143 J/mm? is a good SLM processing range.

4.2 Strengthening mechanisms

In the SLM process, when the scanning speed
is high, the laser beam stays on the molten pool for
less time. Therefore, the molten pool absorbs less
energy. In this case, the temperature is low, and the
cooling speed is accelerated, resulting in the limited
diffusion and growth of grains. As can be seen from
Figs. 12 and 13, the solute elements are almost
dissolved into the matrix in the SLMed alloys.
According to Formula (2) [26], the contribution of
solution strengthening to strength improvement asss
can be obtained:
Osss = ZAiCiﬁi (2)
where A; is the solid solution-enhanced constant
element of the wvarious solute elements, C;
represents the concentration of each solute, and S
means the power-law coefficient of each solute. The
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solute elements are mainly Mn and Mg, A4; is 34.8
and 12.1 MPa respectively, and the f; is 0.9 and
1.14 respectively. The contents of Mn and Mg in
the alloy powder used account for 4.77% and
1.37%, respectively. With the help of the rapid
solidification of the SLM process, a large part of
Mn and matrix form a solid solution to strengthen
the alloy [27]. The strength increased by solid
solution strengthening is calculated to be about
143 MPa, which accounts for ~44% of the total
yield strength.

There are four types of precipitation
strengthening, i.e., order strengthening Acou,
coherency strengthening Accon, modulus mismatch
strengthening Aomos, and Orowan strengthening
Aoor[9]. As shown in Figs. 13(a, b), there are a few
dislocations in the grain and the precipitated phase
is relatively coarse, with an average diameter of
about 82 nm. Therefore, the main precipitation
strengthening mechanism in this study is the
Orowan mechanism. The Orowan strengthening
mechanism is calculated by [28]:

0.4 Gb

nd,,
ln(4b j
Aoy, =M —

T \/1—1) A

1 2n nd,,
12(5 J% -1] ! @)

where M(=3.06) is the average matrix orientation
factor of Al, b(=0.286) nm is the size of the matrix
Burgers vector, ¢(=0.99%) is the volume fraction
of precipitated phase [29], G(=27.8) GPa is the
shear modulus of Al [30], 4 is the effective particle
spacing, dn is the average precipitate diameter, and
v=0.331 is the Poisson’s ratio for Al [31]. Through
calculation, the precipitation strengthening is about
48 MPa, accounting for 15% of the total yield

3)

strength.
According to the Hall-Petch relationship [3]:
o =0, +kD™" (5)

where 0o(=20 MPa) is the intrinsic resistance of the
lattice to dislocation motion, k£ is the constant
representing the relative strengthening contribution
from grain boundaries, and D is the average grain
boundary diameter. For Al alloys, & is usually taken
to be 0.14 MN/m*?. And the yield strength is
dependent on the average grain boundary diameter.
According to TEM results, it can be found that the

grains are very fine in the SLMed alloys. The
average grain size is about 1.56 um. Therefore, fine
grain strengthening or grain boundary strengthening
is pronounced in the studied alloys. The strength
contribution of each strengthening mechanism is
shown in Table 4. The contribution of solution
strengthening and grain boundary strengthening to
yield strength is about 275 MPa (85%). Therefore,
the main strengthening mechanisms of SLM
aluminum alloy are solution strengthening and
grain boundary strengthening.

Table 4  Strength
strengthening mechanisms

contribution from  different

Strengthening mechanism  Stcngth/ Proportion/

MPa %

Solution strengthening 143 44
Precipitation strengthening 48 15
Grain boundary strengthening 132 41

5 Conclusions

(1) The new Al-Mn—Mg—Sc—Zr alloys
prepared in the energy density range of
104—143 J/mm?® have stable properties and similar
microstructure. They have fine grains and a few
defects and coarse intermetallics. The yield
strength is 335-338 MPa, the tensile strength is
397—-400 MPa, and the elongation is all above 11%.
When the energy density is higher than 152 J/mm?,
the elongation decreases sharply.

(2) EBSD and micro-texture results show that
the SLM alloys consist of columnar grains and
equiaxed grains. The columnar grains have an
obvious preferred orientation, while equiaxed
grains orient randomly. The SLM alloy with
predominant columnar grains has a stronger texture
than the alloy with predominant equiaxed grains.

(3) The quantitative calculation results show
that the main strengthening mechanisms of SLM
aluminum alloy are solution strengthening and
grain boundary strengthening, which account for
44% and 41% of the total yield strength,
respectively. Precipitation strengthening from the
AlFeMnScZr phase accounts for 15%.
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AEINEFHABHC I ZESHT
Al-4.77Mn-1.37Mg—0.67S¢—0.25Zr & &
E VR 3R e =t YN R 1 RAZ AT

MR, AR R, KA, M, REE N, R#KX, FER!

1. HRFR: MRREES TS, KD 410083;
2. FRIKE MARBSEFRESLKE, Kb 410083

 E: RHEFEEOEBELSIMBRTEAF LZSH T & Al-4.77Mn-1.37Mg-0.67Sc—0.25Zr & & (i &5
., %), R A S ROW ST I A S AR A R . SRR MREE RN 104~143 Jmm?P B, )
YRR R FRE s TR IRGERIE Y 335~338 MPa, HuhismfEN 397~400 MPa, HKZHITE 1%L . FEILAEE
FEXEA, SLM & &EEAH K& R EwRD, SkER, HRXEA/NG AlFeMnScZr MHTH . MAERER
I 152 Jmm? i, AFDAUMSR S| — ARG, AMKEZRBITR., EEITHESERERYW, ZEaE&EEwk. &
SRR AT AR AL & LA AR 44%. 41%H0 15%.
XHEIR: EBEOLEIL: A4S BiMEGE; sRHLE BREHY

(Edited by Xiang-qun LI)



