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Additive manufacturing (AM) of multi-principal element alloys (MPEAs) has enabled high
throughput synthesis for rapid alloy design and development for targeted structural
properties. However, the complex solidification cycles endured by the material during
processing often yield disparate outcomes when porting the processing conditions be-
tween different laser deposition techniques. With difference in the cooling rates being a
primary difference between laser metal deposition (LMD) and powder bed fusion (PBF),
understanding the effects of the processing on the microstructures and material properties
is critical to assess the printability of such complex alloys. Here, we compare the fabric-
ability, quality, and structural properties of Al,CoCrFeNi MPEA synthesized by LMD and
PBF. Our results indicate that the equiatomic MPEA processed using PBF exhibits interfacial
cracks due to warping and bending between successive deposit layers, while the LMD
produces crack free near-dense deposits. XRD characterization corroborates a relatively
high lattice strain of 1.8 x 1072 in the PBF sample resulting from the high residual stresses
arising from the relatively high cooling rates (~10° K/s) during the processing. While the PBF
sample assumes smaller grains relative to the LMD processed alloy, no significant differ-
ences are noted in the crystallographic phases of the alloys produced by the two ap-
proaches. Also, the tool path employed to fabricate the alloy by LMD can facilitate
gradation in the structural properties driven by the variation in thermal gradient during the
synthesis. Further, we propose methods to map material space while porting processes
within AM, enabling fabricability of alloys using PBF and DED.
© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Nickel-based superalloys have been addressing the need for
high temperature materials in gas turbines to increase the
operating temperatures (T) and achieve higher efficiency [1].
However, the demand for further pushing the envelope to
operate gas turbines at T > 1600 °C, requires the discovery and
development of novel alloys beyond the rather expensive Ni-
superalloys. Recent interests in alloy exploration have
encouraged a deviation from the conventional alloying stra-
tegies to explore the center of phase diagrams resulting in a
new species of alloys viz., multi-principal element alloys
(MPEASs) [2]. In contrast to precipitation strengthened alloys,
MPEAs feature single/dual phase solid-solutions (driven by the
relatively ‘higher’ mixing entropy due to the comparable
proportions of multiple constituent elements), which are
stable at higher temperatures and aid in retaining superior
mechanical, corrosive, and thermal properties even at an
elevated T [2—18]. The prohibitively large compositional
landscape available for MPEAs and the growing interest in
accelerated alloy discovery using computational and machine
learning techniques, has contributed to the research in high-
throughput design of MPEAs with targeted properties
[8,9,11,12,15,17,19—-22]. Nevertheless, the validation of pre-
dicted phases/properties for these compositions at the lab
scale has been typically limited to arc-melting [23,24], me-
chanical alloying, spark plasma sintering [25], and thin-film
deposition [26]. The advancements in laser deposition based
additive manufacturing (AM) techniques offer opportunities
for high-throughput synthesis of MPEAs by increasing the
scalability to marry alloy and component design for
application-driven material properties [27—36]. However, the
advantages associated with AM are occasionally superseded
by manufacturing challenges that include porosity in the

Laser

Roller beam

Fabrication
bed

Part being
fabncated

F'usu:) ;9 BF)
Alternative Names:
SLS™- Selective Laser Sintering;
DMLS™- Direct Metal Laser
Sintering; SLM™- Selective
Laser Melting: EBM™- Electron
Beam Melting; SHS™- Selective
Heat Sintering; MJF™- Multi-Jet
Fusion

Strengths

High level of complexity
Powder acts as support
material

Wide range of materials

()

fabricated product and hot cracking of the component, arising
from the residual stresses due to the high cooling rates
employed (~10°-10° K/s) [1,37,38]. While such rapid cooling
rates contribute to reducing grain sizes in the alloys and
consequently enhance the structural properties such as yield
strength, such sharp temperature drops are detrimental for
brittle materials. Controlling these cooling rates by optimizing
the process parameters is essential for producing high quality
deposits.

Another challenge lies in porting process parameters
across various laser deposition methods, viz., directed energy
deposition (DED) and powder bed fusion (PBF), leading to
disparities in the quality of the fabricated components and
necessitating an entirely different process optimization
approach. For instance, the AlICoCrFeNi MPEA that assumes a
B2/BCC crystallographic phase upon solidification, is suc-
cessfully realized with DED [29,32,40—48], while cracks are
reported when using PBF techniques (specifically, selective
laser melting/sintering) [49,50]. Typically, the machine
dependent parameters such as the beam diameter of the heat
source, the scan speed, and consequently the cooling rate
induced during solidification, are predominantly responsible
for these dissimilarities in the fabricated components; hence,
it is important to understand the effects of these machine
dependent processing parameters on the phases and proper-
ties of the alloy, especially when porting the parameters
across different AM processes. While comparison between
conventional methods like arc-melting and AM of alloys exist,
only sparse knowledge is available on the structure and
properties of the same alloy when processed with different
AM techniques [49,51]. To address this gap, we conduct a
systematic investigation on the processability, formation of
cracks, and presence of porosity for Al,CoCrFeNi MPEA syn-
thesized using two AM processes viz., the laser metal
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Fig. 1 — An infographic of the powder bed fusion (PBF) and the directed energy deposition-based laser metal deposition

(LMD) processes as described by ASTM [37,39].
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Table 1 — Processing parameters employed for the
synthesis of the equiatomic AlCoCrFeNi MPEA.

LMD PBF
Powder Size 45—150 pm 5—50 pm
Laser Power 600—800 W 50—300 W
Hatch Distance 1mm 0.05—0.09 mm
Velocity 500—800 mm/min 1-2m/s
Powder flow rate 24—28 gm/min N/A
Layer thickness 0.6 mm 0.03 mm
Substrate In 718, SS 316 Ni, SS316
Energy Density (J/mm?) 50—200

deposition (LMD) and the selective laser melting (SLM, inter-
changeably denoted as PBF). As described below, LMD pro-
duces higher quality deposits relative to PBF, which produces
samples with cracks resulting from warping and bending of
the deposited layers during fabrication.

2. Experimental methods

We utilize the custom-built laser metal deposition equipment
at the Wayne State University and the commercial Renishaw
AM400 at the Lehigh University to synthesize the Al,CoCrFeNi
MPEA using LMD and SLM, respectively. Fig. 1 presents an
infographic for the two manufacturing approaches. We use
gas atomized, spherical equiatomic AICoCrFeNi and CoCrFeNi
alloy powder (Elemental Metals) with rolled In718, Ni and SS

316 as substrate materials for both the processes. The indi-
vidual material and process parameter details for the LMD and
PBF are listed in Table 1. The energy densities obtained from a
previous predictive framework are employed [52]. Further, we
conduct design of experiments (DoE) with more than 100
samples using optimal Latin hypercube sampling (OLHS) [53]
for PBF, and the traditional factorial method (1/3rd factorial)
using 12 samples for LMD to obtain optimum process pa-
rameters. Each fabricated sample embodies a unique set of
processing parameters in the design matrix within the range
as specified in Table 1. Finally, the samples that exhibit high
density are selected for detailed characterization. We choose
the optimization strategies based on the resolution of the
process and the number of samples synthesized. In addition,
the LMD samples are processed in cylindrical shapes with the
laser moving from inside to out of the deposit as shown in
Fig. 2(a). In contrast, the PBF samples are deposited in cuboidal
shapes with a conventional meander tool path that scans in
hatch pattern (Fig. 2(b)), with a 67° offset in every layer.
Upon syntheses, the samples are prepared for micro-
structural characterization by cutting, mounting, and polish-
ing with grit papers ranging from 180 to 1200, followed by
0.05 um colloidal silica. We conduct X-ray diffraction using the
Bruker D8 X-ray Diffractometer with a Cu-Ka radiation
(A = 0.154 nm, 50 kV, 1000 pA) and crystallography analysis
using the GSAS-II open-source software [54]. Microstructural
characterization is performed using Hitachi S-4300SE and
JEOL 7100 F with an accelerating voltage of 20 KeV and a beam

(a) Laser metal deposited samples (b) Powder bed fusion samples
Deposit

Fig. 2 — Samples processed with (a) Cylinder components with laser moving from inside to out of the deposit to fabricate
samples with the LMD process; (b) Meander tool path with cross-hatch pattern to deposit cuboidal samples using the PBF
technique; (c) Laser metal deposited samples are free from major defects such as flaking and cracks; (d) Powder bed fusion
fabricated samples reveal significant flaking and cracking due to high residual stresses during processing. The inset
illustrates a magnified view of a representative sample with pointed edges signifying the warp during fabrication.
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(a) CALPHAD Simulation
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Fig. 3 — (a) CALPHAD simulation suggests a low precipitate volume fraction, while the ¢ phase is presumed to precipitate at
long term exposures to high temperatures, (b) Scheil simulation reveals a low temperature difference between solidus and
liquidus temperatures, suggesting less susceptibility to solidification cracking.

current of 5 nA. The microstructural features reported are post
polishing and no etching is performed to reveal the pre-
cipitates. Further, we employ energy dispersive X-ray spec-
troscopy using the EDAX Octane Elect Plus and the Oxford
Ultim Max detector to conduct elemental analysis and map-
ping. Microhardness measurements are performed using
LECO LM248 hardness testing equipment with a 100-gf load
and a spacing of >1 mm between each indent on the LMD
samples and ~100 pm for the PBF samples. The shorter dis-
tance used for the PBF samples is due to the associated smaller
sample volume.

3. Results and discussion
3.1.  Assessing the printability

Fig. 2 (c & d)reveals the samples processed using both the
methods. It is interesting to note that the samples processed

(a) Laser Metal Deposition
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using PBF possess significant number of cracks notwith-
standing the wide range of process parameters employed,
while the samples synthesized by LMD produce high quality
deposits with no noticeable defects. In addition, we interrupt
the PBF process prior to completion of the deposition due to
the frequent tearing of the powder coater as the samples are
consistently disrupted during processing. To understand this
discrepancy between the two processes, we examine the
thermodynamic stability of the materials using CALPHAD and
Scheil simulations. The calculated phase diagram using the
Thermo-Calc HEA database [55] and the associated Scheil
cooling diagrams are presented in Fig. 3. The simulation re-
sults suggest a low precipitate volume fraction with ~20%
precipitates in the alloy, indicating good printability. While
the predictions corroborate the formation of ¢ phase, these
unfavorable phases usually precipitate at long term exposure
to high temperatures and are not anticipated during AM
fabrication that employs very high cooling rates. Likewise, the
Scheil simulation reveals a relatively small difference of

(b) Powder Bed Fusion

Fig. 4 — SEM images of samples processed by (a) LMD and (b) PBF reveals a homogenous dilution at the interface from
substrate to deposit with clean crack-free interface. EDS line scan from substrate to deposit indicates an uncontaminated

dilution that is free from intermetallics at the interface.
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~80 °C between solidus and liquidus temperatures, recom-
mending printability by promoting uniform solidification of
molten metal initiating at the dendrite core and leaving suf-
ficient liquid fraction at the end of solidification in the inter-
dendritic zones. This phenomenon reduces the chances for
mushy zones and consequently the liquation crack suscepti-
bility due to tensile forces in liquid [1,38,56].

3.2.  Analyzing substrate-deposit compatibility

The substrate material has a significant effect on the cracks
that can propagate in the deposit [41]. The literature on AM of

(i+1)% Layer

Al,CoCrFeNi suggests the use of SS316 as a substrate material
since its coefficient of thermal expansion (CTE) is similar to
that of the deposited alloy [41,50,57,58]. Besides the CTE, un-
derstanding chemical compatibility is important to avoid the
formation of brittle intermetallics that lead to cracking at the
interface during the processing. Considering both the CTE and
chemical compatibility, we use alloys SS316, In718 and Ni as
substrate materials, because they have several common
candidate elements and can prevent the occurrence of brittle
intermetallics. Further, the SEM characterization reveals no
secondary brittle phases at the substrate-deposit interface for
both the samples. Additionally, the EDS line scan (Fig. 4)

Scan Direction
ﬁ

Unmelted Powder

it Layer
(i-1)th Layer

High
thermal
gradient

Fig. 5 — (a) Back scatter electron characterization of the PBF sample reveals the melt-pool boundaries, and the laser scan
tracks together with the layer interfaces. Cracks are noted at the layer boundaries due to the process induced thermal
stresses. (b) A schematic illustrating the crack formation mechanism in the (i4+1)" layer due to the induced high
compressive and tensile forces as a consequence of the steep thermal gradient.
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reveals a smooth transition of candidate elements (Ni, Nb
in718 for LMD, and Ni for PBF) from substrate to deposit in the
dilution zone. The compositional analysis in line scan vali-
dates that the dilution is crack free with no potential in-
termetallics manifested. Therefore, we assert that the
substrates used are compatible with the deposit material for
both LMD and PBF.

3.3. Crack formation mechanism in the PBF samples
With the substrate-deposit compatibility and material print-
ability ruled out as the causes for crack formation, we next
scrutinize the PBF sample to understand the crack formation
mechanism. The absence of crack density quantification is a
limitation of the current study, but the maximum possible
build height (h) without warping being <1 mm, we scrutinize
the samples that do not warp with h < 700 pm to understand
the origin of the cracks. Fig. 5 reproduces the back-scatter
electron characterization of the PBF sample with various
grain orientations, melt-pool tracks, layer and bead bound-
aries. The cracks in the sample are at the layer boundaries,
suggesting high residual stresses [59]. Upon solidification of
the i™" layer, a thin layer of powder is coated on the existing
layer for the (i+1)™ layer. When a laser beam passes through
this layer of powder and the solidified layers underneath, the
temperature variation from the top layer to the substrate is
considerable, creating a steep thermal gradient from the high
cooling rates (~10° K/s). The latter induce enormous residual
stresses in the alloy post solidification [18]. Simultaneously,
the expansion (due to melting) and contraction (due to solid-
ification) of the top layer relative to the layers that are un-
derneath, creates a compressive stress above the top layer,
while exerting a tensile stress below the same layer. These
combined tensile and compressive forces (due to the high
residual stresses exerted on the ordered B2 matrix) cause the
material to bend and detach from the previous layers, trig-
gering a failure in the deposit by warping (illustrated in
Fig. 5(b)). In contrast, the samples fabricated using LMD
circumvent these effects due to relatively low cooling rates

a o
( ) - —— DED
%E —— PBF
N e BCC
2 e FCC S
(/)]
g o
£ l ST A
N N
[ ] ®
A
40 60 80 100
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(~10° K/s), and produce crack-free high-quality deposits. In
addition, quantifying the crack density is limited due to the
insufficient build volumes (height <1 mm) and the occurrence
of severe warping beyond 700 pm build height.

3.4. Quantifying the lattice strain

To understand the effects of high cooling rates on the residual
stresses, we perform XRD analyses on the LMD and PBF
samples to quantify the lattice strain exhibited during solidi-
fication. Lattice strains in crystalline solids can be quantified
using peak broadening analyses, which usually occur when
the crystallite size/atom positions drift from the ideal config-
uration [15]. Fig. 6 presents the XRD analyses of the samples.
The peak locations for both samples insinuate the formation
of B2/BCC phase with trace amounts of FCC as displayed in
Fig. 6 (a).

We perform Williamson Hall analysis, as mentioned else-
where [60], to quantify the crystallite strain. Fig. 6 (b) displays
the full width half maximum (FWHM) values for both samples
as a function of 26. A qualitative analysis of the FWHM sug-
gests a high peak broadening on the PBF sample relative to
that for the LMD sample. Quantitatively, we find a strain of
1.8 x 1072 in the PBF sample, which is higher than the strain
exhibited by LMD processed sample (1.4 x 1073, thus vali-
dating our hypotheses that the failure in the PBF samples is
due to the high resultant strain arising from the relatively
higher cooling rates. We conclude that the material producing
high quality deposits from one AM process may not yield the
same outcomes with a different process even if they have the
same heat source. Nevertheless, the quality/fabricability de-
pends on the material properties and the selected process
parameters.

3.5. Microstructural characterization

Fig. 7 displays the microstructural evolution post LMD and PBF
of AlCoCrFeNi with the respective chemical compositions.
Table 2 validates that the final composition of the deposited

b
®)  pep
0.5 — PBF
0.4
0.3
0.2
60 80 100

20(deg)

Fig. 6 — (a) X-Ray diffraction on the PBF and LMD samples endorse the dominant B2/BCC phase with infinitesimal fraction of
FCC realized upon solidification. (b) Comparison of the full width half maximum (FWHM) values suggest a higher peak
broadening of PBF processed samples relative to those processed using LMD, corroborating the formation of smaller grains

and higher lattice strains for the PBF processed samples.
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Fig. 7 — SEM characterization of AlCoCrFeNi deposited using LMD and PBF processes (a,d) Macroscopic image showing the
substrate-deposit interface for LMD and PBF, respectively (the line showing the interface has been raised relative to the
interface to reveal the feature) (b,e) Continuous and island like BCC precipitates are recorded in the B2 matrix along with the
grain boundaries populated with FCC (c,f) EDS mapping on the samples reveals a homogenous distribution of the candidate
elements.
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Table 2 — Elemental compositions of the alloy deposited
using LMD (associated with Fig. 7 (b)).

Element Al Cr Fe Co Ni
Weight % 11.29 24.11 23.06 21.45 20.1
Atomic % 20.9 23.17 20.63 18.18 17.11

alloy agrees with the equiatomic composition. Fig. 7(a,d)
reproduce the substrate-deposit interface of LMD and PBF
processed samples, respectively, along with the melt-pool
boundary. As the laser advances from the initial position,
the melt-pool rapidly cools down, resulting in a steep tem-
perature gradient. To attain an energetic equilibrium with the
temperature variations, heterogenous nucleation is initiated
near the substrate solid—liquid interfacial boundary.
Following nucleation, crystal growth trails the direction
opposite to that of the heat flow, i.e., the build direction. This
mechanism promotes the growth of epitaxially guided
columnar grains near the substrate-deposit interface as
shown in Fig. 7(a) [1].

On further interrogation, the grains from both the LMD and
the PBF samples reveal the formation of precipitates. Litera-
ture on Al,CoCrFeNi MPEA suggests a BCC matrix with B2
precipitates as a function of x; the phase is transformed to a B2
matrix with BCC precipitates for x > 0.8 together with traces of
FCC in the grain boundaries [61]. Congruent to these obser-
vations, we identify a B2 matrix with several coherent
continuous and island-like BCC precipitates realized upon
solidification within the grains alongside FCC grain

Deposit

@ ©
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Distance from Edge (um)

1500 2000 2500

boundaries. However, the high cooling rates in PBF lead to
relatively smaller grains (2—10 pm) as evinced in Fig. 7(e),
while the grains of the LMD sample are larger, measuring up
to few tens of microns (4—40 pm). Furthermore, the grain
boundaries in all these samples are populated with FCC pre-
cipitates as shown in Fig. 7(b,e). Also, Fig. 7 (c,f) illustrate the
EDS mapping on both the samples, revealing a homogenous
compositional distribution in the deposit. Our observations
are in agreement with the literature on the DED of AlCoCrFeNi
MPEA [49].

3.6. Effect of tool path on the local microstructures

We investigate the role of the tool path on the evolution of the
local microstructures and hence the mechanical properties.
The tool paths employed for deposition are as discussed in the
experimental section above. Accordingly, we consider hard-
ness in the XY direction for the LMD processed sample, and
along the Z direction for PBF sample to understand the effect
of the tool path (as illustrated in Fig. 2 (a & b)) on the local
hardness. The choice of the test planes and the respective
scales for the reported results are based on the volume of the
sample available in the corresponding planes. Fig. 8 presents
the variation of hardness in the LMD and PBF samples. To
reproduce a trend, the results are sampled near the edges and
the center of deposit with ~10 measurements in each location
to present the hardness at three locations (two edges and one
center) for the LMD processed sample as illustrated in Fig. 8(a).
On the other hand, the hardness for PBF sample is measured

200 300 400 500
Distance in Z (um)

Fig. 8 — Variation of hardness as a function of distance attributed to the heat flow. (a) The hardness variation from left to
right edge in the LMD sample that suggests a higher hardness at the edges and a relatively softer center, is attributed to the
change in thermal gradients due to the tool path employed. (b) The change in hardness from interface to the top of the
deposit in the build direction reveals a random hardness change as the deposition progresses along the z direction.
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Fig. 9 — (a) Combinatorial synthesis of Al,CoCrFeNi MPEA with x = 0.2, 0.4, 0.6, 0.8. Here R1 and R2 correspond to two
samples processed using the same processing parameters. (b) Bending the synthesized coupons to qualitatively estimate
the ductility of the alloys and iterating through the compositions to fabricate an alloy with x = 0.7. Results reveal that
Al,CoCrFeNi MPEA with x = 0.7 attains a reasonable ductility and can be fabricated with both the processes. (c)

Al, ;GoCrFeNi MPEA synthesized with PBF shows no visible cracks or warps over two iterations indicating fabricability.

along the Z-axis due to the sample size limitations from build
height and warping in the XY-plane.

The results suggest a relatively high hardness along the
edges of LMD processed sample, with a lower hardness in the
center owing to the thermal transport. As the laser is turned
on in the center and progresses towards the edge, a high heat
flux persists at the edge due to convectional and radiative
cooling from the surroundings in addition to conduction. The
center, which is the initial location of the laser, experiences a
reduced thermal gradient due to prolonged exposure to high
temperatures as a function of laser holding time. However, the
lack of a uniform pattern/trend for the hardness evolution in
the PBF sample as a function of build height is attributed to the
heating and cooling of material during deposition. Also, the
lattice strains in the PBF samples contribute to a higher overall
hardness relative to that for the LMD processed sample.

4, Conclusion

We present results from additive manufacturing of Al
CoCrFeNi MPEA using two processes viz., laser metal deposi-
tion (LMD) and powder bed fusion (PBF). Our results reveal that

the samples processed through LMD produce high quality
deposits, while those fabricated through PBF exhibit cracks
that are characterized at the interfaces between subsequent
layers deposited. These interlayer cracks lead to failure during
deposition by warping and bending. XRD analyses on the
samples corroborate the formation of B2/BCC crystallographic
phases with traces of FCC realized from the build. Strain
quantification using Williamson-Hall analysis reveals a high
lattice strain of 1.8 x 10~ in the PBF samples with a relatively
lower strain reported for the LMD sample (1.4 x 10~3). The
estimated lattice strains suggest that cracks in PBF samples
occur due to the high residual stresses as a consequence of the
high cooling rates during deposition (~10° K/s), unlike for the
LMD process with relatively low cooling rates (10° K/s).
Microstructural characterization on both sets of samples re-
veals a B2 matrix with continuous and island like BCC pre-
cipitates within the grain core and FCC precipitates in the
grain boundaries. However, the higher cooling rate exerted on
the alloy during PBF results in relatively smaller grains
compared to that of the LMD processed samples. In addition,
the tool path employed to deposit the material influences the
local properties due to changes in the local thermal gradients.
Our results suggest that a material that can yield high quality
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deposits under a specific AM process may not yield the similar
characteristics with a different AM technique, even when
employing a similar energy source for producing the alloy
melt.

5. Outlook

Based on the results from the experimental builds and char-
acterizations, we believe that DED approaches are more
conducive for rapid alloy discovery, while scalable component
fabrication using PBF can offer the highest achievable reso-
lution with the current state-of-the-art platforms. Nonethe-
less, the quality of the builds produced from both the
processes has significant room for improvement. DED can
produce high quality components on geometries with mini-
mum to no overhangs; in contrast, complex geometries that
require supports (e.g., porous structures), specifically for ap-
plications involving medical implants, can be fabricated with
relative ease using the PBF process. In the latter, the powder
bed acts as support facilitating fabrication to a certain extent
of overhang. Thus, in the context of alloy development for AM,
an interrogation of the component fabrication using both
methods is essential, accounting for the processing limita-
tions of alloys for the respective techniques.

In the same vein, we propose a method to foster rapid
alloy discovery using DED with emphasis on the fabricability
via both the processes. We initiate with a combinatorial
approach to deposit four different compositions of Al,.
CoCrFeNi MPEA with x = 0.2, 0.4, 0.6, 0.8, as displayed in
Fig. 9(a), with a laser power of 700 W and a 700 mm/min scan
speed, selected using process parameter optimization. The
findings from the DoE advocate that Al,CoCrFeNi MPEA does
not crack despite the wide processing envelope employed;
these findings suggest that process parameters relevant for
alloy discovery do not alter the results significantly [61]. In
addition, R1 and R2 in Fig. 9(a) refer to the samples fabri-
cated twice with the same processing parameters and
composition to aid in the illustration. Upon fabrication, we
bend these samples using conventional pliers to qualita-
tively investigate the ductility by visually inspecting the
extent of bending in these alloys. While obtaining quanti-
tative estimates of ductility is beyond the scope of this work,
we utilize this qualitative analysis to map the composition
space from one process to the other. As can be noted in
Fig. 9(b), the sample with x = 0.8 marginally bends and
breaks revealing minimal ductility. Iterating further, we
fabricate a composition with x = 0.7, which demonstrates
bending without breaking. Subsequently, fabricating Al,.
CoCrFeNi MPEA with x = 0.7 using PBF reveals no visible
cracks within two iterations, suggesting the alloy is fabri-
cable with PBF. Thus, we utilize DED to map the material
space when porting process parameters across AM plat-
forms to identify compositions compatible with both DED
and PBF. We acknowledge that continued efforts are
required to establish quantitative metrics for porting the
material selection and optimal process parameters for
successful component fabrication across different AM
platforms.
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