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Abstract: In the present work, a combined process of laser powder bed fusion (LPBF) and hot
working in terms of microstructure refinement was investigated for Fe-25Al-1.5Ta alloy samples.
Uniaxial compression tests were carried out parallel and perpendicular to the building direction (BD)
at 1000 ◦C, where BCC A2-phase was stable, at a strain rate of 0.0013 s−1. The true stress–true strain
curves indicated a broad flow stress peak followed by a slight decrease, which is typical for dynamic
recrystallization (DRX) of conventional BCC metals such as ferritic iron. A negligible dependence
in the flow stress behavior on the compression direction was observed. DRX initiated at a stress of
18.7 MPa for the sample compressed parallel to the BD, corresponding to a true strain of 0.011, and
at 18.1 MPa for the samples compressed normal to the BD, which corresponded to a true strain of
0.010. The microstructural investigations by electron backscatter diffraction (EBSD) showed that
the relatively coarse and elongated grains of the as-LPBF builds were significantly refined after hot
working. The microstructure of the compressed samples mainly consisted deformed grains. These
were fragmented by sub-grains bounded by low-angle boundaries independent of the compression
axis, indicating the occurrence of dynamic recovery (DRV) during hot working. In addition, a few
equiaxed, small grains were observed in the pre-existing grain boundaries, which formed due to
DRX. Most pores in the as-LPBF builds were closed after hot compression, particularly in the central
region of the deformed specimens where the compressive stress state is dominant. In summary,
hot compression reveals a practical thermomechanical post-processing treatment for Fe-Al-Ta iron
aluminides built by LPBF. The hot working refines the epitaxially elongated microstructure of the
as-LPBF builds by DRV/DRX and reduces the porosity.

Keywords: laser powder bed fusion; iron aluminide; microstructure; hot deformation; dynamic
softening

1. Introduction

Due to a combination of desirable properties, including low density, high specific
yield strength, low material cost, and excellent oxidation, as well as corrosion resistance,
iron aluminides have qualified to replace heat-resistant steels or, in some cases, even
superalloys in high-temperature applications of up to 800 ◦C [1–3]. Iron aluminides with
a strengthening Laves phase revealed several advantages over their binary counterparts,
such as superior creep resistance up to intermediate temperatures [4–7]. Likewise, films
of Laves phase prevented hydrogen uptake along grain boundaries and thus inhibited
embrittlement by the ambient medium [3]. In addition, Laves phase precipitation at grain
boundaries impeded coarsening/abnormal grain growth at high temperatures during
thermomechanical treatments or service [8].

Tantalum (Ta) is an effective alloying element for strengthening Fe–Al alloys, form-
ing the hard and brittle ternary Laves phase (Fe, Al)2Ta with a hexagonal C14 crystal
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structure. In particular, the Fe-25Al-2Ta (all compositions are given in atomic percent
throughout the text unless otherwise stated) alloy outperforms the martensitic-ferritic steel
P92 (X10CrWMoVNb9-2) at 650 ◦C in terms of creep strength [6]. Likewise, the Fe-25Al-
1.5Ta alloys produced by casting and spark plasma sintering demonstrated a high degree
of hot deformability over a wide temperature and strain rate range [9–11].

Although the Laves phase can be used to strengthen Fe–Al alloys, its non-controllable
distribution, specifically during solidification from the melt, and the strong coarsening
tendency of the precipitates at elevated temperatures, have prevented any significant alloy
developments [12]. In this context, state-of-the-art metal additive manufacturing (AM) can
produce these aluminides with uniformly dispersed fine Laves phase particles without
coarsening, owing to its short solidification time and high cooling rates [13].

In an earlier study of the authors [13], crack-free and dense Fe-25Al-1.5Ta samples
were produced via laser powder bed fusion (LPBF). The builds were characterized by
relatively coarse and columnar grains growing epitaxially out of the substrate, were several
millimeters wide, and extended over several layers along the building direction. The grains
also exhibited a relatively strong microtexture close to <0 0 1> with respect to the building
direction. Therefore, a suitable post-processing treatment is required to reduce the defects
and refine the microstructure of the Fe-Al-Ta builds.

The additively manufactured parts are often subject to post-processing treatments,
such as hot isostatic pressing (HIP) and heat treatment, to close the residual porosity and
adjust the desired microstructure to improve their mechanical performance. However, the
HIP process is time-consuming, leading to grain and precipitate coarsening [14]. Thus, the
fine microstructure created by AM cannot be directly inherited into the final component.
As an alternative method, hot deformation was qualified as a promising post-processing
treatment for additively manufactured parts to reduce the solidification and processing
defects, refine the microstructure through dynamic recrystallization, and, thus, improve
the mechanical properties of AM parts [15–19]. For example, Sizova et al. [16] proposed
that the hot working of titanium aluminide preforms made with LPBF is an alternative
to HIP for series production. Hot working transformed and refined the microstructure,
while during HIP, the coarsening of the microstructure was observed. Hybrid AM and
hot working allow the advantage of AM and traditional forming methods to be utilized.
For example, AM can be used to prepare preforms which are then forged into the final
product [20–23]. This combination shortens the conventional multi-step forging processes,
saves costs for dies, and at the same time, improves the mechanical properties of the AM
material. Most reports on the hot deformation of AM alloys focus mainly on titanium alloys,
especially Ti-6Al-4V [17,24–26], superalloys [27–30], steels [31,32], and Al alloys [33,34].
Although the beneficial effects of hot working on the microstructure and properties of those
alloys have been confirmed, the scientific literature knowledge on the hot deformation
behavior of AM preforms made of other less-commonly used alloys is still insufficient.
In particular, knowledge of the workability of additively manufactured iron aluminide
alloys is limited [35]. Nevertheless, it is crucial to use advanced iron aluminides for critical
components [36,37].

The present study focuses on the process combination of LPBF and hot compres-
sion in terms of the microstructure refinement for the Fe-25Al-1.5Ta alloy. Uniaxial hot-
compression tests were carried out at 1000 ◦C with a strain rate of 0.0013 s−1, parallel
and perpendicular to the building direction. The obtained stress–strain behavior is ana-
lyzed depending on the loading direction, and underlying flow-softening mechanisms are
elucidated by electron microscopy.

2. Materials and Methods
2.1. Starting Material

Gas-atomized Fe-25Al-1.5Ta alloy powder batch with a fraction size of +10/−45 µm
and an average particle size of d50 = 22.6 µm was used for LPBF. More details on the initial
powder characterization are given in [13].
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A 400 W AconityMIDI (Herzogenrath, Germany) laser source was used to fabricate
LPBF builds under argon atmosphere. The laser power, the scanning speed, the layer thick-
ness, and the hatching distance were 250 W, 1000 mm/s, 50 µm, and 90 µm, respectively.
Parallel stripes with a width of 5 mm were built using a 67◦ rotation scanning strategy on a
stainless steel build plate preheated to 800 ◦C.

2.2. Compression Tests

Cylindrical specimens for the hot-compression tests with a diameter of 5 mm and a
height of 8 mm were cut from the LPBF builds using an electric discharge wire-cutting ma-
chine. Lab-scale uniaxial isothermal compression tests were conducted on a DIL805A/D/T
deformation dilatometer under the Ar atmosphere. The specimens were heated to the
deformation temperature (1000 ◦C) with an induction heating system at a heating rate of
10 K/s and kept isothermal for 3 min before compression to homogenize the temperature
within the specimens. The specimens were compressed at 1000 ◦C with a strain rate of
0.0013 s−1 up to a true strain of 0.8 parallel and perpendicular to the building direction.
The deformation condition of 1000 ◦C/0.0013 s−1 was chosen because the studied alloy
in the as-cast state revealed a high degree of deformability within the processing window
of 1000–1100 ◦C/0.0013–0.01 s−1 [10]. Based on Thermo-Calc computations, we suppose
that the alloy locates in (bcc/A2 + C14)-phase field during deformation at 1000 ◦C [9].
After deformation, the deformed specimens were cooled immediately to preserve the
high-temperature microstructures.

2.3. Microstructure Characterization

Microstructure investigations were carried out on sections parallel to the compression
axis (CA). The cut surfaces were mechanically polished and vibration polished to obtain
mirror-smooth surfaces. All observations were carried out in the center of the deformed
specimens. A scanning electron microscope (SEM) TESCAN MIRA II (Brno, Czech Republic)
equipped with energy-dispersive X-ray spectroscopy (EDX—Oxford Instruments Aztec
system, Abingdon, UK) and high-resolution electron backscatter diffraction (EBSD—Oxford
Instruments Aztec System, UK) detectors were used for characterization.

The low- and high-angle grain boundaries (LAGBs/HAGBs) were identified with misori-
entations of 2–15◦ and more than 15◦, respectively. The individual grains were outlined with
a threshold angle of 10◦. EBSD orientation imaging microscopy (OIM) maps were employed
to visualize the substructures within grains. In the current study, grain reference orientation
deviation (GROD)-axis maps were applied to visualize local intercrystalline distortions within
the grains. The GROD-axis map displayed the orientation heterogeneities that evolved in
the samples [38]. For each pixel within the grain, the misorientation of the point relative to a
reference orientation for the grain to which the pixel belonged was calculated and displayed
as a color according to the IPF color key.

The phase identification was carried out by a Bruker D8 ADVANCE X-ray diffractome-
ter (Bruker, Billerica, MA, USA) using Cu-Kα1 radiation.

3. Results
3.1. Microstructure Characterization of the LPBF Builds

Figure 1a exhibits the X-ray diffractogram of the LPBF-produced Fe3Al-1.5Ta sample.
The XRD pattern displays characteristic superstructure peaks of (100) and (101) B2-type
ordered structure and primary reflections of the disordered A2 α-(Fe, Al) phase. The char-
acteristic (111)D03 and (311)D03 reflections from the D03-type ordered structures are not
present. Besides the matrix reflections, peaks of the C14 (Fe, Al)2Ta Laves phase are also
observed.
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Figure 1. Room-temperature XRD pattern (a) and a typical BSE-SEM microstructure of the cross-
section of cylindrical Fe-25Al-1.5Ta specimens produced by LPBF (b,c). The arrows in a higher
magnification image in (c) indicate a few pores. BD and SD refer to the building and scanning direction.
The small white-contrast regions are (Fe, Al)2Ta C14 Laves phase precipitates formed along the matrix
grain boundaries and within the grains. The sample was printed using P = 250 W and vs = 1000 mm/s.

Figure 1b presents typical BSE-SEM micrographs of LPBF-manufactured cylindrical
specimens for compression tests. The microstructure consists primarily of columnar grains
elongated along the BD. A few pores are also visible, as marked by arrows in the high-
resolution image in Figure 1c. A comparable grain morphology was reported for Fe3Al
parts fabricated by AM [39]. The high magnification image in Figure 1c shows that the
Fe-Al matrix grains are decorated with a white contrast phase. According to previous
studies [9,40] and the XRD results from Figure 1a, this phase corresponds to the C14 Laves
phase (Fe, Al)2Ta with hexagonal crystal symmetry. The low solubility of Ta in the binary
Fe-Al phases leads to the precipitation of the ternary Laves phase when small amounts
of Ta are added to Fe(Al) solid solution phases [41]. The C14 precipitate particles are
relatively homogeneously distributed throughout the microstructure, both at the Fe-Al
grain boundaries (GBs) and within the grains.

3.2. Flow Stress Behavior and Work Hardening Behavior

Figure 2a shows the true stress–true strain curve of the LPBF-fabricated Fe-25Al-1.5Ta
samples hot compressed at 1000 ◦C with a strain rate of 0.0013 s−1 up to a true strain of
0.8. No significant differences in flow behavior and magnitude of flow stress are observed
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between the specimens compressed parallel or perpendicular to the BD. The sample loaded
perpendicular to the BD exhibits slightly lower flow stress, suggesting that less force is
required for deformation than for the sample loaded parallel to the BD. The stress–strain
curves show a broad flow stress peak followed by a slight decrease. This shape is typical
for the occurrence of dynamic recrystallization (DRX) in conventional BCC metals such
as ferritic iron [42]. The rise in flow stress after a steady state is due to the dominance of
friction and bulging of the specimens.
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Figure 2. True stress–strain curves (a) and strain-hardening rate (θ) versus flow stress (σ) up to the
peak stress (b) of LPBF specimens hot compressed at 1000 ◦C up to a true strain of 0.8 with a strain
rate of 0.0013 s−1 in different directions to the BD. The rise in flow stress after a steady state is due to
the dominance of friction and bulging of the specimens at higher strains. The θ−σ curves were fitted
by a third-order polynomial, and the relationships between θ and σ were given. The CA and BD refer
to the compression axis and building direction in the LPBF process.

DRX starts at a critical strain during hot deformation, which can be determined from
the flow curves. The critical stress for the initiation of DRX can be identified from the
inflection point on the strain hardening rate (θ = dσ/dε) versus the flow stress (σ) curve.
This kind of curve can be described by a third-order polynomial equation that fits the
experimental θ − dσ data from zero to the peak stress as follows [43]:

θ = Aσ3 + Bσ2 + Cσ + D (1)
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where: θ = dσ/dε and A, B, C, and D are constants for a given set of deformation conditions.
Differentiation of this equation with respect to σ results in:

dθ

dσ
= 3Aσ2 + 2Bσ + C (2)

The minimum point of this second-order equation corresponds to the critical stress:

d2θ

dσ2 = 0 ⇒ 6Aσc + 2B = 0 ⇒ σc =
−B
3A

(3)

Figure 2b shows the work hardening rate (θ) as a function of flow stress (σ) for the
LPBF-manufactured Fe-25Al-1.5Ta alloys compressed parallel and perpendicular to the
BD. At the early stage of imposed deformation, dislocations accumulate, and their density
increases; therefore, the work hardening increases rapidly to a peak value. DRX will initiate
when the strain (density of dislocations) reaches a certain level, namely critical strain εc,
and the corresponding stress is the critical stress σc. The occurrence of DRX continuously
reduces the work hardening rate up to the peak stress where the work hardening reaches
zero. At higher strains, flow softening is dominant until a dynamic equilibrium between
hardening and softening mechanisms is reached. The critical stress and strain values for
the onset of DRX in the deformed samples and their correlation with the peak values are
listed in Table 1 with respect to the compression direction. The DRX initiates at a stress
of 18.7 MPa for the sample compressed parallel to the BD, corresponding to a true strain
of 0.011, and at a stress of 18.1 MPa for the samples compressed normal to the BD, which
corresponds to a true strain of 0.010. Therefore, it can be concluded that DRX initiates at
comparable stress and strain values in the samples compressed parallel or perpendicular to
the BD.

Table 1. Critical stress and strain values for the onset of DRX in the samples deformed in different
directions to the BD and their relationships with peak stress and strain (σc/εc—critical stress and
strain for the initiation of DRX, σp/εp—peak stress and strain). CA and BD are the compression axis
and building direction during LPBF. The measurement accuracy is around ± 0.3 MPa.

Compression Axis with Respect
to the BD

Critical Stress and Strain Values
for DRX Onset

Peak Stress and Strain
Values Relationships

Parallel to the BD (CA ‖ BD) σc = 18.7
εc = 0.011

σp = 21.4
εp = 0.04

σc = 0.87 σp
εc = 0.27 εc

Normal to the BD (CA ⊥ BD) σc = 18.1
εc = 0.010

σp = 20.1
εp = 0.06

σc = 0.90 σp
εc = 0.17 εc

3.3. Characterization of Deformed Specimens

Figure 3a presents typical BSE-SEM micrographs of the LPBF-manufactured samples
deformed at 1000 ◦C/0.0013 s−1 up to a true strain of 0.8, where the compression axis
(CA) was parallel to the BD. The material is subjected to a slight deformation in the areas
close to the forging dies (known as the dead metal zone). In contrast, deformation is
localized mainly in the central region of the specimens, characterized by heavily deformed
grains as shown in a high-resolution image in Figure 3b. No cracks were observed in the
deformed specimens, while a few pores are still visible after deformation, mainly near to
the low-deformation and bulged zones. The central region of the deformed specimens,
where the material is subject to high deformation under compressive stress, is almost free
of pores.
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Figure 3. Typical SEM-BSE micrographs of the LPBF-fabricated Fe-25Al-1.5Ta specimen hot com-
pressed at 1000 ◦C/0.0013 s−1 up to a true strain of 0.8 parallel to the BD. The micrograph in (b)
shows a high-resolution image of the central region of the specimen marked by a white rectangle
in (a). The white-contrast regions represent (Fe, Al)2Ta C14 Laves phase precipitate particles. CA
and BD refer to the compression axis and building direction in the LPBF process, respectively. CA is
parallel to the BD.

Figure 3b exhibits that the elongated columnar grains of the LPBF-fabricated builds
(see Figure 1b) have refined into relatively equiaxed smaller sub-grains bounded by LAGBs.
The EBSD studies are performed on specimens deformed parallel and perpendicular to the BD
to elucidate the underlying softening mechanism(s). Figure 4a,b represent the image quality
(IQ) maps superimposed with grain boundary misorientation maps for the LPBF-fabricated
Fe-25Al-1.5Ta specimens hot compressed up to a true strain of 0.8 at 1000 ◦C/0.0013 s−1,
where CA is either parallel (a) or perpendicular (b) to the BD. The low- and high-angle grain
boundaries (LAGBs and HAGBs) are identified with misorientations of 2–15◦ and more than
15◦ and are outlined in blue and black lines, respectively. Hot deformation substructures in
terms of LAGBs are observed in both specimens. In the present study, grain reference orienta-
tion deviation (GROD)-axis maps are applied to visualize substructures within the grains. For
the GROD axis map, the misorientation axis for each pixel within a grain with respect to
the average orientation of the grain is calculated and displayed as a color according to the
IPF color key. Figure 4c,d exhibit GROD-axis maps for deformed specimens, where CA is
either parallel (c) or perpendicular (d) to the BD. The microstructure of both specimens has
been refined into substructures with different orientations during deformation.
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Figure 4. EBSD grain boundary misorientation maps superimposed with image quality (IQ) maps
(a,b) and GROD-axis maps (c,d) for the LPBF-fabricated builds subjected to hot compression at
1000 ◦C/0.0013 s−1 up to a true strain of 0.8. CA and BD refer to compression axis and building
direction, respectively. CA was either parallel (a,c) or perpendicular (b,d) to the BD. The blue and
black lines mark low-angle grain boundaries with misorientations (θ), 2◦ ≤ θ < 15◦ and high-angle
grain boundaries with θ ≥ 15◦, respectively. Small red regions in (a,b) exhibit C14 Laves phase
precipitate particles. The arrows in (a,b) indicate a few small, equiaxed grains formed at the pre-
existing grain boundaries.

In addition to the sub-grains, some small equiaxed grains are visible on the original
GBs of both deformed specimens (yellow arrows point out a few examples).

4. Discussion

Dynamic softening (restoration) processes occur during deformation at high tempera-
tures, which can significantly affect the microstructure and mechanical properties of the
finished components [44]. The present study reveals that post-AM hot working alters the
microstructure of the Fe-25Al-1.5Ta alloy samples fabricated by LPBF. The initial microstruc-
ture of the LPBF builds primarily consists columnar grains epitaxially elongated along the
building direction, including some pores (see Figure 1). Hot compression up to a true strain
of 0.8 at 1000 ◦C/0.0013 s−1 leads to grain refinement and porosity closure in the deformed
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specimens, as shown in Figure 3. No cracks are observed in the deformed specimens, while
a few pores are still visible after deformation mainly next to the low-deformation and
bulged zones. The central region of the deformed specimens, where the material is strongly
deformed under the dominant compressive stress, is almost free of porosity. This indicates
the advantages of hot working as a post-processing tool to reduce defects and refine the
microstructure of AM samples.

The true stress–strain curve of the LPBF-built samples subjected to hot compression at
1000 ◦C/0.0013 s−1 exhibits a broad flow stress peak followed by a slight decrease after the
stress peak (see Figure 2). This shape is not similar to the typical DRX type in FCC metals
and alloys, where the flow curve shows evident peak stress followed by significant flow
softening (and sometimes stress oscillations). The present stress–strain curves are typical of
DRX in conventional BCC metals, such as ferritic iron [42], where no significant stress drop
in stress–strain curves is observed despite the occurrence of DRX.

The EBSD analysis in Figure 4 shows that the majority of deformed grains were
fragmented into a substructure network, and most of these sub-boundaries have already
transformed into low-angle and slightly further into high-angle grain boundaries by ab-
sorbing gliding dislocations during hot deformation. This indicates the occurrence of DRV
and maybe continuous DRX during hot deformation. It is reported that BCC Fe3Al-based
alloys exhibit a strong tendency for DRV. The primary softening mechanisms often re-
ported for these alloys during hot deformation within the A2-phase field include DRV
(substructure formation), continuous DRX, and superplasticity [45–47], depending on the
imposed deformation conditions. In an earlier study of the authors, strong DRV followed
by recrystallization (i.e., continuous DRX) at 900 ◦C/1 s−1 and fine-grain superplasticity
(average grain size of ≈ 7 µm) at 1100 ◦C/10−3 s−1 were observed in an Fe-25Al-1.5Ta alloy
produced by spark plasma sintering [9].

In addition, a few small equiaxed grains are visible at the original GBs for both
deformed specimens (yellow arrows point out a few examples). The formation of those
grains at the pre-existing GBs indicates the occurrence of DRX during hot deformation.
A similar formation of equiaxed DRX grains at the initial GBs was reported for as-cast
Fe-25Al-1.5Ta alloys during hot deformation in the A2-phase field [10]. Further studies are
required to clarify the mechanism(s) of DRX at the former GBs and the influence of λ-C14
Laves phase precipitate particles at the GBs on recrystallization nucleation.

A negligible influence of the CA with respect to the BD on the flow stress behavior
was observed. The samples compressed parallel and perpendicular to the BD revealed
comparable flow stress–strain curves and work hardening behavior under the tested
hot deformation conditions. The DRX initiated at a stress of 18.7 MPa for the sample
compressed parallel to the BD, corresponding to a true strain of 0.011, and at 18.1 MPa
for the samples compressed normal to the BD, which corresponded to a true strain of
0.010. Similar results were shown by wire arc additive manufactured (WAAM) Inconel
718 samples of different orientations subjected to uniaxial compression, which presented
similar flow stress–strain curves under various hot deformation conditions [28].

5. Conclusions

In the present study, microstructure evolution of a Fe-25Al-1.5Ta (at.%) alloy fabricated
by laser powder bed fusion (LPBF) were studied during hot-compression tests at 1000 ◦C
with a strain rate of 0.0013 s−1. Hot compression was carried out parallel and perpendicular
to the building direction. The key conclusions are summarized as follows:

1. The LPBF-builds were characterized by a phase mixture of disordered A2 α-(Fe, Al),
ordered B2-FeAl, and C14 (Fe, Al)2Ta Laves phase.

2. The stress–strain curves revealed a broad flow stress peak followed by a slight de-
crease, which is typical for DRX in conventional BCC metals.

3. A negligible dependence of the flow stress behavior on the compression direction
was observed. The samples compressed parallel and perpendicular to the building
direction revealed comparable flow stress–strain curves and work hardening behavior
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under the tested hot deformation conditions. The DRX initiated at a stress of 18.7 MPa
for the sample compressed parallel to the BD, corresponding to a true strain of 0.011,
and at 18.1 MPa for the samples compressed normal to the BD, which corresponded
to a true strain of 0.010.

4. The relatively coarse and elongated microstructure of the as-LPBF builds refined
significantly after hot working. The microstructure of the deformed samples con-
sisted deformed grains fragmented by sub-grains bounded by low-angle boundaries
independent of the compression axis, indicating the occurrence of dynamic recovery
during hot deformation.

5. Some small equiaxed grains were formed at the original grain boundaries of the
deformed specimens, suggesting the occurrence of dynamic recrystallization during
hot deformation.

6. Most of the pores in the as-built-LPBF samples were closed after hot compression,
particularly in the central region of the deformed specimens, confirming the benefits of
hot working as a post-processing tool to reduce defects and refine the microstructure
of the AM samples.

Author Contributions: Conceptualization, A.E.; Methodology, A.E.; Investigation, A.E., S.B., F.J. and
M.T.; writing—original draft preparation, A.E.; writing—review and editing, A.E. and S.W.; Supervi-
sion, A.E. and S.W. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data are available upon request from the corresponding authors.

Acknowledgments: A. Emdadi acknowledges Fachgebiet Hybride Fertigung (BTU Cottbus-Senftenberg)
for LPBF operations and compression tests.

Conflicts of Interest: The authors declare that they have no known competing financial interest or
personal relationships that could have appeared to influence the work reported in this paper.

References
1. Morris, D.G.; Muñoz-Morris, M.A. Recent Developments Toward the Application of Iron Aluminides in Fossil Fuel Technologies.

Adv. Eng. Mater. 2011, 13, 43–47. [CrossRef]
2. Zamanzade, M.; Barnoush, A.; Motz, C. A Review on the Properties of Iron Aluminide Intermetallics. Crystals 2016, 6, 10.

[CrossRef]
3. Palm, M.; Stein, F.; Dehm, G. Iron Aluminides. Annu. Rev. Mater. Res. 2019, 49, 297–326. [CrossRef]
4. Palm, M. Fe–Al materials for structural applications at high temperatures: Current research at MPIE. IJMR 2009, 100, 277–287.

[CrossRef]
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