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Abstract. Recent investigations revealed major fluctuations in the material properties of selective
laser melted AISi10Mg, which corresponded with the varying precipitation-hardening state of the
microstructure, caused by the differing dwell times at elevated temperatures. It was indicated that a
subsequent heat treatment balances the age-hardening and results in a homogenized material
strength. In order to further investigate this statement selective laser melted AISi10Mg samples
were subject to multiple post-heat-treatments. Subsequently, the surface hardness and tensile
strength was determined and compared with the as-built results. The post-heat-treatment led to an
arbitrary occurrence of rupture, indicating a successful homogenization, coupled with a remarkable
improvement in ductility, but to the costs of a lowered tensile strength, which was highly dependent
on the chosen heat-treatment procedure.

Introduction

The selective laser melting (SLM) process belongs to the family of layer-wise, powder-bed based
additive manufacturing technologies and evolved from the older selective laser sintering (SLS)
process [1]. Commonly, the information for production, required for the description of the
irradiation, is gained by the conversion of the CAD-data into a sliced model with equally thick
sections. The thickness of these slices describes the powder layer thickness required in the
manufacturing process. Based on the cross-sections of the individual slices and the selected
irradiation strategy the irradiation paths and sequences are obtained. During the manufacturing
process the part is generated as a sequence of individual layers by successively adding powder
layers and locally solidifying them with a laser beam [2]. This layer-wise approach enables high
flexibility in geometry and design on one hand, but causes multiple directional dependencies on the
other. Amongst the most important ones are the anisotropic mechanical properties [3,4] and the
orientation and location dependent surface roughness [5,6].

The main distinction between SLS, SLM and other related processes is given by the binding
mechanism of the powder particles [7]. The full melting of the raw material in SLM enables this
process of manufacturing almost full dense parts without the need of a subsequent infiltration step.
However, in order to achieve these results, plenty of adjustments and optimizations were
undertaken [8,9] and control mechanisms like the substrate plate heating were introduced [10].



Given the corresponding elevated temperatures present in the build environment, coupled with the
long production times, alloys prone to microstructure alterations driven by heat input tend to locally
change their properties. For the considered precipitation-hardenable AlSi10Mg alloy these
inhomogeneities caused by varying age-hardening states were documented in [3]. The surface
hardness and tensile strength was found to alter in the manufacturing environment. Based on the
generation process with subsequent layers, this occurring alteration of properties with time is
equivalent to a height dependent variation in material strength. This previous study also suggests
that these inhomogeneities can be reduced or even equalized with subsequent post-heat-treatments,
which represents the main focus of this study.

Methods

Manufacturing conditions.

The samples were produced with a SLM 280HL machine (SLM Solutions AG, Liibeck, Germany),
which comprises a 400 W Yb-fibre-laser and offers a maximum build space of 280 x 280 x 320
mm?3. Nitrogen was utilized as inert gas and the temperature regulation on the mounting plate1 was
set to 200°C. The block type support structure (i.e. a honeycomb scaffold) was chosen for the
connection of the samples with the substrate plate (Figure 1).
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Figure 1: Supbd'rt structure type "block™; (a) as received after SLM job, (b) sample removed

Geometry, positioning and inclination.

The flat tensile samples type E 5 x 10 x 40, according to the German standard DIN 50125:2009-07,
were chosen and produced with an oversize of 0.4 mm for subsequent machining and removal of
surface influences.

On a side note, components fabricated with SLM are likely to inhabit an increased porosity right
underneath the surface [11,12]; thus, for extensive loading and destructive material tests it is
recommended to remove these crack initiation factors [13,14]. However, a subsequent machining
step reduces the flexibility of the design, as it requires the accessibility with tools. For applications
where the geometrical freedom is of higher importance as the removal of the porosity, e.g. in
applications where the occurring stresses are uncritical, the surface quality can be enhanced with
laser polishing [15,16].

In order to gain insight into the variance related to the build direction, the samples were produced in
three representative configurations (Table 1), defined by the angle of the specimen’s longitudinal
axis to the substrate plate (xy-plane).

' The mounting plate is underneath the removable substrate plate and includes the thermal regulation.



Table 1: Positioning of the configurations in relation to the substrate plate

Configuration Olxy
(a) 0°
(b) 45°
(c) 90°

Post heat treatment.
In order to examine the effects of thermal treatment procedures three distinct heat-treatments were
selected (Table 2), which varied mainly in the solution annealing temperature and duration.

Table 2: Considered heat-treatments

Heat treatment Solution annealing Quenching Thermal aging
HT 1 6h - 525°C water 25°C 6h - 165°C
HT 2 6h - 300°C water 25°C 6h - 180°C
HT 3 4h - 500°C water 25°C 6h - 180°C

Material testing

Surface hardness.

The surface hardness was evaluated on the clamping areas of the tensile samples. It was ensured
that the multiple indentations on each location (total of four investigated areas per sample) were
performed in a reasonable distance to the edges and neighbouring indentations. The employed
hardness testing machine (Wilson VH1150, ITW Buehler Group, MA, USA) was operated
manually.
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Figure 2: Hardness tester

Tensile testing.

The destructive material tests were performed on a tensile test machine (Instron, MA, USA) with a
maximum load of 30 kN (Figure 3). The tensile tests were carried out in accordance to the German
standard DIN EN ISO 6892-1:2009-12 with the crosshead speed set to 5 mm/min. In addition to the
pure crosshead movement, the elongation of the specimen was measured with an extensometer with
an initial distance of 25 mm.



Figure 3: Tensile test setup

Results and discussion

Surface hardness.

The surface hardness for the non-heat-treated samples was shown being dependent on the particular
surface orientation and the positioning of the sample in the build space [3]. For the heat-treated
samples this effect vanishes due to the equalizing of the precipitation-hardening state and thus, the
global surface hardness, which represents the averaged hardness value based on multiple
measurements on four clamping areas per considered sample, was seen as sufficiently accurate to
characterize the hardness results (Table 3). HT 1 and HT 2 were found to lead to a drastic decrease
in the hardness, whereas HT 3 only showed very minor changes compared to the hardness of the
untreated reference samples.

Table 3: Global hardness in relation to the heat-treatment and configuration

Vickers Hardness in [HV3]
Configuration
no HT HT 1 HT 2 HT 3
(a) 115 56 66 110
(b) 118 52 70 110
(c) 107 51 63 109

Tensile testing.

The tensile tests confirmed the tendencies revealed in the hardness investigation in terms of the
ultimate tensile strength (UTS or Ry,). Out of this it clearly can be concluded that the hardness and
UTS are directly linked and can be targeted and adjusted dependent on the specific needs by
choosing an adequate post-heat-treatment (Figure 4). Interestingly, the yield strength (Rpo2)
exhibited for the HT 3 samples exceeded the initial yield strength of the untreated samples on all
configurations. All heat-treatments led to an improvement regarding the breaking elongation, with
the best and most consistent results recorded for HT 2. This gain in ductility was clearly evident, the
reference samples (no HT) ruptured without prior necking, whereas the heat-treated samples
experienced localized necking. In addition, the tendency to fail towards the top end, documented in
[3], was evident for the reference samples of configuration (b) and (c). The heat-treated samples on
the other hand exhibited an arbitrary occurrence of rupture, thus proving the anticipated
homogenizing effect of the heat-treatment procedures on the microstructure of the precipitation-
hardenable AlSi10Mg alloy.
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Figure 4: Stress-strain diagrams of the destructive tensile tests for all considered heat-treatment conditions
grouped corresponding to configurations (a) to (c)

Conclusion

The selective laser melting procedure results in an anisotropic material behaviour with
heterogeneous properties of fabricated components. It was shown that for the precipitation-
hardenable AlSi10Mg these heterogeneities, reasoned in the dissimilar age-hardening states, could
be homogenized with appropriate post-heat-treatments. Furthermore, the results presented indicate
that the mechanical properties of selective laser melted AlSi10Mg can be adjusted in a targeted way
by utilizing post-heat-treatments.
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