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Abstract

This work investigates a novel method of producing complex-shaped aluminum parts by slurry-based binder jetting and
sintering. In this process, a green body is built up by layer-wise deposition of an aqueous aluminum suspension and selective
powder bonding by ink-jet printing. The powder bulk generated from the suspension shows an increased density compared to
powder-based binder jetting and, thus, a high initial density for the subsequent densification step. This allows for higher final
densities and reduced shrinkage. Aluminum is of special interest as it is widely available and of low density but challenging
to sinter due to an oxide skin surrounding every particle. The research in this paper investigates the effects of the sintering
atmosphere and sintering additives on the microstructure of powder compacts produced by slurry-based binder jetting. The
incorporation of magnesium as an additive during the sintering process of aluminum has been found to substantially improve

densification during sintering in an argon atmosphere.
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1 Introduction and motivation

ISO/ATSM 52900 defines additive manufacturing (AM) as
a technique for creating shapes directly from 3D data, which
differs from alternative subtractive and formative methods
by building layer upon layer. The binder jetting AM tech-
nique involves layering powder materials and printing onto
layers with a binder. This method was developed by Sachs
originally to print molds to be used in metal casting [1]. The
limited powder flowability of small particle sizes resulted
in low density, stability, and poor surface quality of dryly
built parts. This constraint was found to restrict the area
of application. Sachs later proposed a solution to this issue
by explicitly describing the layer-wise deposition of fine
powders dispersed in a liquid in a second patent [2]. Using
fine particle suspensions instead of dry powders increases
the achievable packing density. Full densification can be
achieved in a subsequent sintering step [3, 4].
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Due to several challenges, aluminum has only limited rep-
resentation in the field of AM. These include poor weldabil-
ity due to the stable oxide layer and high reflectivity in the
laser wavelengths typically used. Furthermore, aluminum
is easily machinable, which enables rapid and cost-effective
production with conventional methods, reducing the eco-
nomic value of AM [5]. However, it makes sense to use AM
processes for highly complex 3D components.

The binder jetting process involves the following repeated
steps: first, a build platform is lowered by the desired layer
thickness. Then, the free volume is filled with powder by a
coating mechanism. Next, the powder is selectively printed
with a binder in the corresponding layer. This represents the
geometry of the respective cross-section and creates a con-
nection to the previous layer. After completing the layer-by-
layer structure, the printed parts supported by the surround-
ing powder may be cured depending on the binder type.
Then, the loose powder is removed from the components.
The printed, porous components may be subjected to a post-
processing step, in which they are sintered or infiltrated to
reach their final properties [6]. The processability of pow-
ders in a dry state is limited to particle diameters >20 um
due to the required flowability in the binder jetting process
[7]. However, finer powders <20 um have larger surface
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areas and thus a higher energetic state, which enables faster
compaction during sintering [6].

In slurry-based 3D printing, the powder is applied layer
by layer as an environmentally friendly aqueous suspension,
dried, and printed on. The achievable packing density is
higher in this process alternative not only due to the fineness
of the powder to be processed but also to the compaction
via capillary forces during the dewatering of the respective
layer through underlying layers. Higher packing densities
minimize sintering shrinkage [6, 8] and are thus desirable
in most applications. Slurry-based binder jetting has already
been applied to ceramics. Packing densities of 50-60% of
theoretical density could be achieved [4, 9]. Studies show
that these green densities can achieve complete compaction
after sintering [3, 4].

During sintering, particles are fused together to form a
solid body through a diffusion-based process starting from a
powder state. Powder metallurgy has a significant advantage
over conventional methods in that it can work with a wide
variety of materials and material combinations and influence
their microstructure selectively.

The successful sintering of aluminum-based materials
requires the removal or break-up of the oxide layer that cov-
ers the aluminum particles. This oxide skin prevents the
connection of metal-to-metal contacts between adjacent
powder particles necessary for sintering. The overall aver-
age oxide thickness of rapidly solidified powders of pure
aluminum after exposure to a humid atmosphere was found
to be around 5.5 nm [10]. The oxide layer Al,O5 surrounding
the aluminum particles makes sintering aluminum powders
difficult due to its stability. At 600 °C, an oxygen partial
pressure of 10722 bar [11] would be necessary to reduce this
oxide skin. In addition, in the presence of oxygen in the sin-
tering atmosphere (i.e., due to contamination of the protec-
tive gas), the oxide layer thickness even increases at higher
temperatures [12]. This reduces the oxygen partial pressure
in the protective gas as it penetrates the interior of the speci-
mens through the interconnected pores. Although the outer
layers of the samples are more strongly oxidized, the oxygen
partial pressure inside the sintered body is lowered to the
extent that sintering conditions are enabled. This effect is
referred to as “self-gettering” [13]. The surface layer of the
sintered body binds the oxygen remaining in the protective
gas as impurities in favor of the core region. In the sinter-
ing of aluminum components, the oxide layer is, therefore,
broken up by mechanical forces and/or chemically during
the pressing of the green bodies [14]. Since neither of these
methods is applied in the process under investigation, the
oxide layer must be addressed in another way.

In the past, sintering has also been achieved by adjusting
the sintering atmosphere [13, 15]. Studies have shown that
a nitrogen atmosphere has a positive effect on the sintering
process of aluminum [15]. It is believed that under a nitrogen
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atmosphere, aluminum nitride (AIN) forms, which does not
directly reduce the oxide layer [15]. It is assumed that an
exothermic reaction of vaporized aluminum with nitrogen
is a source of energy for local melting, allowing liquid alu-
minum to dissolve the oxide layer of other particles [15].
Furthermore, it is discussed if a reduction of the oxide layer
by nitrogen can occur inside the sintered body [13].

Adding small amounts of magnesium (Mg) is another
way to facilitate the sintering of aluminum. This can be done
either by adding Mg to the powder or by providing it in
the sintering furnace. According to Qian and Schaffer, Mg
improves sintering behavior in two ways: it directly reduces
the oxide layer, leading to sinterable elemental aluminum,
and it lowers the oxygen partial pressure in the local sinter-
ing atmosphere by reacting with the oxygen in the protec-
tive gas [14]. However, the results varied depending on the
alloy composition and powder purity, and there is no clear
explanation for this. MacAskill et al. found that sintering can
be improved, particularly by adding tin in addition to Mg,
leading to liquid-phase sintering. In the experiments, a den-
sity of up to 99.5% of theoretical density was achieved [16].

Hydrogen is sometimes used to reduce oxide layers on
metals [17]. However, according to Pieczonka et al., even
in low concentrations in a nitrogen atmosphere, hydrogen
greatly reduces the sinterability of aluminum [18].

This study aims to investigate the effects of the sintering
atmospheres nitrogen and argon and the sintering additive
magnesium on the microstructure of powder compacts pro-
duced by the slurry-based 3D-printing process.

2 Materials and methods
2.1 Materials

The aqueous aluminum slurry used consists of 74 wt.-%
aluminum powder (Rogal Aluminium 2/4, Schlenk Metal-
lic Pigments GmbH, Germany; minimum purity of 99.7%,
particle diameter D5, =5 pm), 25.4 wt.-% deionized water,
0.3 wt.-% dispersant agent (Dolapix CE 64, Zschimmer &
Schwarz GmbH Co., Germany), and 0.3 wt.-% thickening
agent (Xanthan, VO3 Trading GmbH, Germany). The slurry
exhibits excellent stability and flowing behavior while show-
ing no agglomeration and foaming.

Solid magnesium bodies (HMW Hauner GmbH & Co.
KG, Germany) with a purity of 99.8% and a weight of
300 mg + 30 mg were used as a sintering additive in the
sintering furnace.

2.2 Sample production

A binder jetting test rig, extensively used for the slurry-
based binder jetting, was used to produce the investigated
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Fig. 1 Schematic representation of the slurry-based binder jetting
process; adopted and expanded from Ref. [9]

powder compact. The slurry-based binder jetting experimen-
tal setup is composed of two fundamental modules, namely
the coating module, which includes the building platform,
the slurry coater, an infrared (IR) lamp and the cleaning unit;
and the ink-jet printing module. For the purposes of this
study, only the coating module was utilized that is depicted
schematically in Fig. 1. The axis translation of the coating
module is enabled by a linear actuator. The coater is fed by
a pneumatically actuated slurry feeding system, which is
responsible for depositing the metal slurry onto the building
platform. The drying unit comprises an infrared lamp (IRD
X230L, Optron GmbH, Germany) placed 65 mm above the
laid layer that provides uniform heating at a radiated power
density of 0.97 W/cm? on the deposited slurry layer during
the drying process. To prevent slurry from drying and sub-
sequently clogging the coater during the drying process of
each layer, a cleaning unit comprising a continuously rotat-
ing roller immersed in water is strategically positioned so
that the coater rests on the cleaning unit while each layer
dries.

A powder compact with the approximate dimensions
60 mm X 30 mm X 6 mm (length X width X height) and a layer
thickness of 50 um was built using the tests rig and the alu-
minum slurry. The powder compact was built on a porous
substrate (MONALITE-M1T, Etex Building Performance
GmbH, Germany) with excellent absorbency, and therefore,
no IR drying was set for the first 10 layers. From the 11th
layer, the drying time was set to 7.5 s. The coating velocity
was 25 mm/s. The pre-load time, giving the period where
the coater starts depositing slurry prior to movement, was
setto 1.5s.

Samples with the dimension of 5 mm X5 mm X5 mm
were cut from the powder compact and sintered in a sub-
sequent process.

2.3 Sintering

A heating microscope (DIL L74 Optical Dilatometer, Lin-
seis Messgerdte GmbH, Germany) was used for sintering
the samples. A vacuum of approximately 10~ hPa was
generated using a vacuum pump (HiCube 80 eco, Pfeiffer

Vacuum GmbH, Germany) before flooding the furnace with
protective gas at a constant gas pressure of 0.2 bar. Vacuum
drawing and flooding were not performed when sintering
in a normal atmosphere. The heating rate for the sintering
process was set to 20 K/min and the target temperature was
600 °C. After a 2-h holding time at a temperature of 600 °C,
the sintering furnace was cooled down to 100 °C at a cooling
rate of 10 K/min. The cooling rate of 10 K/min could not
be realized at temperatures below 400 °C due to the limited
cooling capacity of the appliance. However, the temperature
curve was constant for every sintering cycle investigated and
the cooling rate should not have affected the microstructure
further at those low temperatures. In Fig. 2, the temperature
profile of the sintering process is shown. The dotted curve
represents the ideal temperature profile as set in the control
system, while the solid curve represents the actual tempera-
ture profile. The selected sintering temperature of 600 °C is
also marked on the graph.

Before the sintering process, two magnesium pieces were
placed in front and behind the sintered sample, respectively,
to ensure the optimal effect caused by the gas flow. Two
samples were sintered in a single sintering process.

Two samples each were sintered under nitrogen (A6 and
AT), argon (B6 and B7) and normal atmosphere (AS and
B5). Two additional sets of experiments were dedicated to
sintering two samples each under nitrogen (C6 and C7) and
argon (D6 and D7) atmosphere with magnesium addition
(placed 3 mm in front and behind the sample) in the sinter-
ing furnace. Table 1 shows the parameters varied within this
study.

2.4 Material characterization
Before and after sintering, the absolute and relative green

part density, based on the density of pure aluminum (2.7 g/
cm?), were determined by measuring the volume with a
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Table 1 Varied parameters in the sintering process

Specimens Atmosphere Magnesium
A6 and A7 N, No
B6 and B7 Ar No
C6 and C7 N, Yes
D6 and D7 Ar Yes
A5 and B5 Normal No

micrometer and the weight with a scale (Secura 125-18,

Sartorius Lab Instruments GmbH & Co. KG, Germany). The

values are given as relative densities p,;, defined as

pspecimen

Prel = ——
Paluminum

where pg,ecimen 18 the density of each specimen, and pminum

is the density of aluminum, being 2.7 g/cm?.

One sintered sample from each experimental series (A6,
B7, D7, C6 and A)5) is selected and evaluated in terms of
uniformity and recognizable signs of successful sintering,
such as density changes or sintering necks in metallographic
examinations. A light microscope (BX53M, Olympus
Europa SE & Co. KG, Germany) was used for the micro-
graphs. For metallographic analysis, the sintered samples
were embedded and polished to 0.1 pm surface roughness.

Two selected sintered samples (A6 and D7) were analyzed
with a scanning electron microscope (SEM) (TM3030Plus,
Hitachi High-Techs Corp, Japan). This allows for an
improved magnification regarding the topographical char-
acteristics of the sintered samples.

3 Results and discussion
3.1 Density and mass

The density of the samples before sintering is 1.67 g/cm>.
After sintering, the sample density varies depending on the
sintering atmosphere and whether magnesium was added
to the sintering furnace or not. The densities of the indi-
vidual test series are shown in Fig. 3. The average density
change of the two sintered samples A6 and A7 under nitro-
gen and without magnesium addition (N,) shows the largest
increase in density of 0.48 g/cm®. A significant increase in
density of 0.38 g/cm? is also noticeable in the samples D6
and D7 that were sintered under an argon protective gas
atmosphere and with magnesium addition (Ar+Mg). The
two samples C6 and C7 that were sintered under a nitrogen
atmosphere and with magnesium addition (N, +Mg) show
an increase in density of 0.24 g/cm’. The two samples B6
and B7, which were sintered under an argon atmosphere
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Fig. 3 Increase in density and overall density of the sintered samples

but without magnesium addition (Ar), show an increase in
density of 0.05 g/cm>. The two samples A5 and B5, the only
samples that were sintered under normal atmosphere and
without magnesium addition (Norm.), showed no change in
density during sintering.

Figure 4 shows the increase in mass during the sintering
process under different protective gas atmospheres. Particu-
larly noteworthy are the test series sintered under a nitro-
gen protective gas atmosphere, which exhibited the highest
increase in mass. Samples A6 and A7, sintered under pure
nitrogen atmosphere, showed an average mass increase of
20%. The relative density has increased from approximately
62% in the green specimens to 81% in the sintered speci-
mens, related to the density of aluminum. The average mass
of 239.0 g has increased by 48.4 g. The volume of the two
specimens has decreased on average by 6.6%. The shrink-
age of specimens A6 and A7 and the increase in relative
density indicate a sintering process. The increase in mass
indicates another reaction during the sintering process. This
is most likely nitride formation due to the nitrogen sintering
atmosphere. Nitrogen and aluminum react to form aluminum
nitride AIN [14].

25 % 1

20%
20 % A

15%
15% A
10 % A
5% 4%
1%
0%
A6& A7 B6&B7 C6&C7 D6&D7 AS5&BS
(N2) (Ar)  (N2+Mg) (Ar+Mg) (Norm.)

Fig.4 Increase in mass relative to the green body mass after the sin-
tering process
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Samples C6 and C7, sintered under a nitrogen atmosphere
with the addition of magnesium in the sintering furnace,
showed an average mass increase of 15%. This is probably
due the formation of aluminum nitride [14].

3.2 Microstructure

One specimen from each series (A6, B7, C6, D7 and AS5)
was examined in detail under a light microscope.

The increase in density of samples A6 and A7 (Fig. 3),
sintered under a nitrogen atmosphere, indicates a successful
sintering process. This is further confirmed by the micro-
scope images in Fig. 5. The microscope images b, c, and d
in Fig. 5 of sample A6 do not show any individual aluminum
particles, except in the outer shell (Fig. 5c¢). However, this
can be explained by the “self-gettering” effect as explained
above.

Looking at specimen B7 in Fig. 6, a clear outer layer can
be seen that is similar to the thin outer layer of sample A6
(Fig. 5¢). This is likely again because of “self-gettering”.
The subsequent layer, which can also be seen in Fig. 6b
and c, indicates a significant compression of this area and
an advanced sintering process through deformation of the
individual aluminum particles. Clear porosities can be seen
inside of the sintered specimen. Specimens B6 and B7
shrunk an average of 3% and did not show any change in
mass during the sintering process (Fig. 4s).

Fig.5 a Microscope overview
image of the sintered test speci-
men A6 (sintered under nitro-
gen); b detail image of the edge
layer; ¢ image of the unsintered
outer layer; d SEM image

Specimens C6 and C7, which were sintered under a nitro-
gen atmosphere with an addition of magnesium in the sinter-
ing furnace, did not show any change in volume. However,
the mass of the samples increased by 15%, which is probably
due to nitride formation and the resulting aluminum nitride
AIN. The inner area of specimen C6 looks very similar to the
inner area of specimen A6. It is also noteworthy that sam-
ple C6, compared to A6, does not exhibit a “self-gettering”
effect (compare Figs. 5¢) and 7b). This is attributed to the
addition of magnesium, which reduces the partial pressure
of oxygen in the sintering atmosphere. The sample C6 is
depicted in Fig. 7. When comparing the average mass gain
of the sintered samples under a nitrogen atmosphere (A6
and A7) to the sintered samples under a nitrogen atmosphere
with the addition of magnesium (C6 and C7), a discrepancy
of 5% can be observed (Fig. 4). This may be due to the reac-
tion of magnesium and nitrogen to form magnesium nitride
(MgsN,), resulting in less nitrogen being converted to alu-
minum nitride (AIN) in the aluminum samples C6 and C7.
However, further investigation is needed to understand this
phenomenon.

Specimens D6 and D7 showed a significant shrinkage of
16%, while the mass increased slightly by 4%. In Fig. 8a),
the transition area, which is framed, is shown with an
enlargement in b) and d). The density and sintering degree
in the outer layer are significantly more advanced than in the
inner area of the specimen. Sintering necks can be detected
in the inner area. The SEM image in Fig. 8d) clearly shows
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Fig.6 a Microscope overview
image of the sintered test speci-
men B7 (sintered under argon);
b image of the transition zone
between outer and inner area; ¢
image of the sintered inner area

Fig. 7 a Microscope overview
image of the sintered test speci-
men C6 (sintered under nitrogen
with magnesium addition); b
detail image of the edge layer; ¢
detail image of the inner area

them. Figure 8c shows the core of the sample, where porosi-  parameters. Extending the sintering time could also lead to a
ties and an initial sintering process can be observed. This  complete sintering process in the inner area of specimen D7.
suggests that further work should be done on the sintering =~ When specimens B7 (Fig. 6) and D7 (Fig. 8) are compared,
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Fig.8 a Microscope overview
image of the sintered test speci-
men D7 (sintered under argon
with magnesium addition) and
the framed transition zone; b
image of the transition zone; ¢
image of the inner area; d SEM
image of the transition zone

the advantage of adding magnesium in the sintering furnace
becomes clear: the sintered area in specimen D7 is signifi-
cantly larger, as the oxygen partial pressure was reduced by
the magnesium, allowing sintering to take place even in the
outer area of the specimen. Figure 8d) shows a SEM image
of the transition zone of sample D7. White needles can be
seen in the sintered outer area, which could be an accumula-
tion of aluminum oxide.

Another explanation for these needles could be the accu-
mulation of iron. Iron has been widely recognized as being
almost insoluble in aluminum, with a maximum solubility
of 0.04%. However, even in small quantities, iron is con-
sistently found in aluminum, as it also can be found in the
aluminum powder used, containing 0.12 wt.% iron. It has
been observed that during longer annealing times, the pres-
ence of iron in aluminum leads to the formation of brittle
AlFe needles. [19]

The relative density of the samples A5 and BS5 sintered
under normal atmosphere and without magnesium addi-
tion in the sintering furnace did not show any increase
in density, indicating a failed sintering process. This is
also evident from the microscope images in Fig. 9a and b.
Figure 9b shows the surface layer of sample AS, which is
clearly visible in the overview image in a. Although some
of the aluminum particles appear to have deformed slightly
due to diffusion, no connection between the individual par-
ticles (sinter necks) could be observed. Figure 9c shows
clearly that no sintering of the material was achieved. This

) S - E
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image also explains why the interior of the sample appears
black in Fig. 9a: these are aluminum particles that are
located below the ground surface. These appear dark in
the microscope image.

Comparing the surface layer of sample A6 in Fig. 5c
with the surface layer of sample C6 in Fig. 10, which was
sintered under a nitrogen protective gas atmosphere with
an addition of magnesium in the sintering furnace, shows
that the unsintered surface layer seen in sample A6 is no
longer visible in sample C6. The addition of magnesium in
the sintering atmosphere may be responsible for this, as it
binds the residual oxygen in the sintering atmosphere and
thereby minimizes the effect of “self-gettering”. The same
applies to the surface layer of sample B7 (Fig. 6) when
compared to the surface layer of sample D7 in Fig. 10.
Here, the unsintered surface layer has become significantly
thinner, measuring only 20 um in thickness.

By utilizing the atomic weights of elements Al and
N or Al and Mg from the periodic table, along with the
number of atoms in compounds AIN and Al;Mg,, it is
possible to estimate the ratio of these compounds in the
structure of the sintered body. This estimation is specifi-
cally performed for samples sintered solely under nitro-
gen (A6 and A7) and samples sintered under argon with
the addition of magnesium in the sintering furnace (D6
and D7), as these samples exhibited the largest increase
in density (Fig. 3). The observed mass increase is solely
attributed to the reaction of the respective atmosphere or
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Fig. 9 a Microscope overview
image of the sintered test speci-
men A5 (sintered under normal
atmosphere); b image of the
outer zone; ¢ image from the
inner area

Fig. 10 Micrographs of the
surface layers of sample C6
and D7

Table2 Mass proportions of the respective compounds AIN and
Al;Mg, in the sintered samples

Sample Al % AIN % Al;Mg,%
A6 64.3 357 -
A7 61.3 387 -
D6 90.4 - 9.6
D7 91.2 - 8.8

the magnesium additive with the sample. The results can
be viewed in Table 2.

The formation of the ceramic AIN, with an average con-
tent of 37.2%, is relatively high and considered detrimental
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when it comes to the sintering of a metallic component. In
contrast, the formation of the metallic compound Al;Mg,
is relatively small with an average of 9.2%. This is not a
significant issue, as Al;Mg, is also a metallic compound.

4 Conclusion and outlook

The coating parameters used were found to be effective in
producing powder compacts with a relative density of 62%,
which is sufficient enough for complete compaction and sin-
tering [3, 20]. With powder-based binder jetting using water-
atomized pure iron powder, green densities of up to 48.1%
have been achieved [21]. The sintering process yielded
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different densities depending on the protective gas atmos-
phere and magnesium addition. The samples sintered under
normal atmosphere and without magnesium addition did not
increase in density and the sintering process failed. This was
evident from the microscope images, which showed no con-
nection between the aluminum particles.

On the other hand, specimens sintered under a nitrogen
protective gas atmosphere without any addition of magne-
sium showed a significant increase in relative density after
sintering. The microscope images of these specimens did
not show individual aluminum particles, except in the outer
shell, which can be attributed to the “self-gettering” effect.
The increase in mass suggests another reaction during the
sintering process, most likely nitride formation due to the
nitrogen sintering atmosphere. The addition of magnesium
in the sintering atmosphere minimized the effect of “self-
gettering”. These specimens did not show any change in
volume but had an increased mass, likely due to nitride for-
mation. The inner area of these samples looked similar to
the samples without the addition of magnesium.

The examination of specimens sintered under an argon
protective gas atmosphere revealed interesting findings. The
clear outer layer observed in specimens sintered without an
addition of magnesium in the sintering furnace is likely due
to the “self-gettering” effect. The subsequent layer indicates
densification and advanced sintering through deformation
of the aluminum particles. Porosities were visible inside the
sintered specimens. Comparing specimens sintered under
an argon protective gas atmosphere with and without mag-
nesium addition, it becomes evident that adding magnesium
in the sintering furnace resulted in a larger sintered area, as
the reduction of oxygen partial pressure facilitated sintering
even in the outer area. The specimens without magnesium
addition exhibited shrinkage but no change in mass during
the sintering process.

Specimens sintered under an argon atmosphere and with
an addition of magnesium exhibited significant shrinkage
and a slight increase in mass. The fact that magnesium has
dissolved in aluminum appears to be a possible explanation
for this. At low temperatures, magnesium exhibits slight sol-
ubility in aluminum, with a solubility limit of less than 2%
in the a-crystal-phase [19]. However, beyond this solubility
limit, a new phase known as the B-phase, specifically AIMg,
starts to form. This precipitation of the -phase occurs pri-
marily at the grain boundaries of the material [19]. The
transition area of these specimens showed more advanced
density and sintering degree in the outer layer compared to
the inner area. Sintering necks were observed in the inner
area. Improved sintering parameters, e.g., extending the sin-
tering time or temperature, may lead to complete sintering
in the inner area.

Based on the assumption that the formation of AIN or
Al;Mg, can occur during sintering, it has been found that

sintering of aluminum under an argon protective gas atmos-
phere with the addition of magnesium yields a high average
aluminum content of 90.8%. On the other hand, sintering
under a pure nitrogen atmosphere result in a lower average
aluminum content of 62.8%.

These findings provide valuable insights into the nature
and material composition of the sintered specimens, high-
lighting the effects of “self-gettering” and the influence of
magnesium addition during the sintering process. Further
research and optimization of sintering parameters are recom-
mended for better control and understanding of the sintering
process.

It has been shown that only by adding solid magnesium
to the sintering atmosphere, sintering of aluminum can be
improved substantially, particularly in argon atmosphere.
Future investigations will address the optimization of the
slurry-based 3D-printing process to enable higher green
densities, the adjustment of the sintering curve (i.e., hold-
ing times) and the analysis of the mechanical properties. It
can be envisaged that by understanding the relation between
the 3D-printing process, the sintering parameters, and the
formation of the microstructure, the material properties can
be predicted or even precisely set.
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