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Abstract Intermetallic titanium aluminide (TiAl) alloys are considered attractive
materials for high-temperature applications in aerospace, automotive, and energy
industries. Additive manufacturing is a promising way of producing complex TiAl-
alloy parts; however, it remains challenging due to brittleness of this alloy. While
high-temperature preheating canmitigate cracking during selective laser melting, the
microstructure of TiAl-alloys still needs to be optimized to achieve better mechanical
performance. In this work, multiple laser exposures were used during selective laser
melting of TiAl-based alloy to tailor its microstructure. Applying additional laser
exposure of up to 20 times per layer induced an in situ heat treatment, which allowed
to modify volume fraction and size of different phases. Microstructure, phase and
chemical composition, and hardness of TiAl-alloys were investigsated with regards
to several laser exposures during the selective laser melting process.

Keywords TiAl alloy · Intermetallic · Selective laser melting · Additive
manufacturing · In situ heat treatment

Introduction

Gamma TiAl-based intermetallic alloys are promising materials for manufacturing
lightweight components of aerospace and automotive engines due to their high
strength at elevated temperatures, low density, good oxidation, and creep resistance
[1, 2]. These properties make them promising candidates for replacing nickel-based
superalloys currently used in gas turbine engines [3, 4]. TiAl-based alloys possess
very low room temperature ductility and poor hot deformability and are prone to
cracking during conventional processing methods. This makes manufacturing parts
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from TiAl-based alloys very expensive and time consuming. Existing conventional
methods, for example, extrusion or casting and isothermal forging, have extremely
high costs and results in heterogeneous microstructure. On the other hand, additive
manufacturing (AM) processes offer a possibility to produce net-shaped parts with
a complex geometry. AM technologies, such as selective laser melting (SLM) and
electron beammelting (EBM), allow the fabrication of complex-shaped components
with high mechanical properties from powder feedstock [5].

High cooling rates typical for powder bed AM techniques lead to high residual
stresses whichmake it difficult to produce crack-free intermetallic parts [6]. Utilizing
a high-temperature powder bed preheating allows to fabricate crack-free titanium
aluminide alloy samples [7]. Microstructure and mechanical properties of TiAl-
based alloys strongly depend on processing temperature and cooling rates. TiAl-
alloys fabricated by AM techniques might require postprocessing by means of heat
treatment to obtain an optimal microstructure depending on the application require-
ments. Depending on annealing temperature, a wide range of microstructures can be
obtained, for example, nearly lamellar, fully lamellar, duplex, and near gamma [8].

Using a specific set of processing parameters during AM, heat input, and cooling
rates can be adjusted to achieve a required microstructure. For example, Xu. W, et al.
showed [9] that by adjusting SLM process parameters, Ti-6Al-4V martensite can be
decomposed into (α + β)-phases. In [10], in situ heat treatment was realized for 420
steel alloy during the SLM process by adjusting laser energy input. Multiple scan
strategy was used in [11] to tailor the microstructure of TiAl-based alloy during the
EBM process. Addition multiple scanning with low energy electron beam resulted
in aluminum loss and formation of new phases with optimized properties.

In this work, Ti-48Al-2Cr-2Nb alloy was fabricated by SLM process using high-
temperature platform preheating. Additional multiple laser scanswere used to realize
in situ heat treatment and tailor the microstructure of the TiAl-based alloy. The
microstructures, phase composition, and microhardness of the fabricated samples
were investigated.

Materials and Methods

Gas-atomized powder of Ti-48Al-2Cr-2Nb (at. %) alloy (AMCPowders, China) was
used in the SLM process to produce the specimens. The particle size distribution of
the powder can be characterized as following: d10 = 17.4 μm, d50 = 33.8 μm, d90 =
60.5μm. As shown in Fig. 1, the powder particles have spherical shape and dendritic
microstructure typical for the gas atomization process.

AconityMIDI SLM system was used to fabricate bulk samples. The system is
equipped with 1000 W fiber laser with 1060 nm wavelength. An inductive heating
element was utilized to preheat a titanium base plate to 900 °C. During the SLM
process, the process chamber was purged with Argon gas. The values for laser
power, layer thickness and hatching distance used to fabricate the sample are shown
in Table 1. The process parameters values were chosen based on the preliminary
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Fig. 1 BSE-SEM images of
the Ti-48Al-2Cr-2Nb alloy
powder showing a surface
morphology and
b cross-section of a particle

experiments using titanium aluminide alloy [12, 13]. Chessboard scanning strategy
with 5 × 5 mm field size was used. X1 sample was produced using only one laser
scanning per layer, while samples X5, X10, and X20 were additionally scanned with
a defocused laser beam after the first scan with 5, 10, and 20 additional scans per
layer, respectively.

Cylindrical samples with 10 mm height and 10 mm diameter were produced for
further investigation.

The as-fabricated samples were cut and polished along the build direction (BD)
for the microstructural characterization using a standard metallographic technique.
TESCAN Mira 3 LMU scanning electron microscope (SEM) with backscattered
electrons (BSE) mode was utilized for the microstructural characterization. Energy
dispersive spectroscopy (EDS) was used for the chemical analysis of the samples.
The phase composition was analyzed with a Bruker D8 advance X-ray diffraction
(XRD) meter using Cu-Kα (λ = 1,5418 Å) irradiation. The microhardness of the
samples was measured using a Buehler VH1150 testing machine with 300 g load
and 10 s dwell time.

Results and Discussion

Figure 2 shows microstructural images of the TiAl-alloy samples fabricated using no
additional laser exposure and 5, 10, 20 additional laser scans during the SLMprocess.
When no addition laser scanwas used, themicrostructure consists of the fine lamellar
α2/γ colonies as can be seen in Fig. 2a. The XRD results (Fig. 3) confirm that the
alloy consists mainly of γ phase (TiAl) and α2 (Ti3Al) phase. Applying additional
laser scanning resulted in microstructural modifications depending on the number of
laser scans. In case of five additional laser scans, the volume fraction of lamellar α2/γ
colonies reduced and equiaxed γ phase grains formed as a result of additional laser
exposure. Lamellar α2/γ colonies are located mostly around the γ-grains. Increasing
the number of additional laser scans to 10 times led to an increased volume fraction of
equiaxed γ-grains (Fig. 2c). At the same time, the lamellar spacing of α2/γ colonies
also increased indicating that the sample was heated to a higher temperature when a
higher number of laser scans was used. Further increasing the number of laser scans
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Fig. 2 BSE-SEM images of the fabricated TiAl-alloy samples: a X1, b X5, c X10, d X20

Fig. 3 XRD patterns of the fabricated TiAl-alloy samples. (Color figure online)
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Table 2 Aluminum content in the fabricated samples (in at. %) measured by EDS

Sample

X1 X5 X10 X20

45.2 ± 0.3 43.0 ± 0.2 42.5 ± 0.2 42.7 ± 0.3

to 20 times in case of X20 sample did not lead to any significant changes in the
microstructure compared to X10 sample.

In general, SLMprocess involves cyclic heating and cooling of thematerial.When
additional laser scans are used, the solidified material is heated to a certain temper-
ature resulting in an in situ heat treatment during the SLM process. Microstructure
of TiAl-based alloys can be significantly modified depending on the heat treatment
temperature [14]. In case of SLM-ed TiAl-alloy, additional laser scanning resulted
in a duplex microstructure indicating that after the solidification, the samples were
subsequently heated in the α + γ phase region. As shown in [15], heat treatment in
the α + γ region results in the duplex microstructure containing equiaxed γ-TiAl
grains, which is in agreement with the obtained results.

Table 2 shows the aluminum content in the produced samples measured by EDS.
There is a slight loss of aluminum compared to the feedstock powder indicating that
aluminum evaporation occurred during the SLM process. Applying five additional
laser scans resulted in a loss of around 2% at. aluminum; however, further increasing
the number of laser scans did not change the aluminum content significantly.

As shown in Fig. 3, there are no significant changes in theXRDpatterns depending
of the number of additional laser exposures. The phase composition of the samples
corresponds to γ and α2 phases.

As shown in Fig. 4, applying multiple laser exposure during the SLM of TiAl-
alloy resulted in microhardness change. When the volume fraction of equiaxed γ-
grains increased with an increase of number of scans, microhardness of the alloy
decreased. This is in agreement with the results of [16] where it was shown that α2

phase has higher hardness compared to γ phase. A decreased microhardness can also
be attributed to an increased lamellar spacing of α2/γ colonies.

Conclusions

In this study, TiAl-based alloy samples were fabricated using SLM with the high-
temperature platformpreheating and a scanning strategywithmultiple laser exposure.
Applying additional laser scanning with a defocused laser beam immediately after
the main laser exposure and solidification resulted in an in situ heat treatment and
microstructural changes of the TiAl-based alloy.
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Fig. 4 Microhardness of TiAl samples produced by SLMwith different number of additional laser
exposures. (Color figure online)

Multiple laser scans allowed to transform the microstructure from lamellar α2/γ
to duplex microstructure with equiaxed γ-grains surrounded with lamellar colonies
of α2/γ. The change in microstructure resulted in a decreased microhardness of the
alloy. A further investigation of mechanical properties will be further carried out to
evaluate the effect of multiple laser exposure.
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