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Abstract

Low-melting-point impurities in powder feedstock can trigger local melting phenomena
in laser powder bed fusion (LPBF) parts and may initiate defects in printed components.
Here, we combine bulk chemistry with automated, high-throughput particle-by-particle
SEM/EDS to identify and quantify Sn-containing impurity particles in two gas-atomized
Al-Mg-Zr powder batches with different bulk Sn levels. The aim was not to establish a
direct batch-to-batch performance comparison, but to clarify whether Sn was uniformly dis-
tributed among the powder particles or concentrated in rare impurity particles. Although
ICP analysis indicated only 0.07 & 0.02 wt.% Sn in the Sn-higher batch and <0.01 wt.% Sn in
the Sn-lower batch, automated SEM/EDS screening of 20,001 particles per batch revealed
that Sn was present as a very small number of highly enriched particles with Sn > 45 wt.%
(eight particles in the Sn-higher batch and three particles in the Sn-lower batch). In the
Sn-higher batch, Sn-rich particles were predominantly spherical and fell within the LPBF
feedstock size window (Dmax ~ 2540 um), implying that standard sieving would not
remove them. BSE imaging and EDS mapping of polished sections and fracture surfaces
of LPBF specimens built from the Sn-higher batch revealed spatially localized Sn-rich
features associated with pores and Sn-rich phases on the fracture surface, supporting a
direct powder-to-part transfer. These results demonstrate that low bulk impurity levels
can mask highly localized, particle-scale contamination and highlight the need for particle-
level compositional screening to support robust powder qualification and reuse decisions
in LPBE.

Keywords: laser powder bed fusion; aluminum alloy powder; contamination; Tin (Sn)
impurity particles; automated SEM/EDS; particle-level analysis

1. Introduction

Aluminum alloys produced by LPBF are increasingly attractive for aerospace and
automotive applications due to their high strength-to-weight ratio and ability to manufac-
ture complex lightweight structures [1,2]. However, their widespread adoption remains
limited by process-induced defects that can initiate cracks and reduce component reliability
under service conditions [3-5]. To address this challenge, self-healing materials offer a
promising approach to extend the lifetime of additively manufactured components beyond
conventional defect mitigation strategies.
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AlMg8 alloys have previously been identified as promising candidates for defect
healing but exhibit reduced mechanical properties compared to the high-strength alloys
typically used in aeronautical and aerospace applications [6,7]. The Al-Mg—Zr alloy system
was selected as a model healable alloy because Mg provides a high healing potential
through its high diffusivity, high supersaturation after LPBF processing, and ability to
promote localized melting during heat treatment [8,9]. Zr addition improves processability
and mechanical properties through grain refinement and precipitation strengthening [10].
This combination makes Al-Mg-Zr a promising candidate for investigating defect healing
in high-strength LPBF aluminum alloys, while also providing a suitable platform to assess
the influence of powder feedstock quality.

While extensive research has established relationships between LPBF process parame-
ters, microstructure and mechanical properties, the quality of powder feedstock remains a
major source of variability and an under-controlled root cause for defects. Powder charac-
teristics such as size distribution, shape and flowability affect layer uniformity and build
stability [11,12]. In addition, rare foreign particles introduced during powder production,
handling, sieving or machine changeovers may be incorporated into the powder bed and
melt pool, where they can remain as discrete inclusions, local chemical heterogeneities or
non-fused interfaces acting as stress concentrators [13,14].

Detecting such contaminants is challenging because bulk chemical analyses average
the composition over thousands of particles and can therefore miss extremely localized
anomalies. Particle-level approaches based on automated SEM/EDS (scanning electron
microscope/energy-dispersive X-ray spectroscopy) enable the rapid screening of thousands
of particles with both morphology and chemistry, and have been advocated for qualifying
AM powders, particularly for fatigue-sensitive applications [13]. This is relevant because
powder contamination has been shown to deteriorate fatigue life in additively manufac-
tured steels [15] and to induce scatter in tensile properties when high-density inclusions
are present [14].

For aluminum alloys, low-melting-point elements are of particular concern. Phases
containing Pb can form low-temperature liquid films and promote intergranular frac-
ture [16,17], and trace low-melting-point impurities have long been recognized as detrimen-
tal in Al alloys [18-20]. Tin (Sn) has a melting point of 232 °C (far below that of Al) and is
sometimes used intentionally as a micro-alloying element to tailor precipitation [21,22]. In
the Al-Mg-Zr powder investigated in this study, however, Sn is not part of the target com-
position and is therefore considered an unintended contaminant. Unlike controlled alloying
additions, discrete Sn-rich particles may locally concentrate low-melting-point material
within the powder bed and LPBF melt pool, even when the overall Sn content measured
by bulk chemistry remains low. However, the particle-scale distribution, morphology, and
possible persistence of Sn-rich contaminant particles in LPBF aluminum powders remain
insufficiently clarified.

In this work, we combine ICP analysis with automated particle-by-particle SEM/EDS
to identify and quantify Sn-rich impurity particles in Al-Mg-Zr powder for LPBF. Two
powder batches with different bulk Sn levels are analyzed to determine whether Sn is
uniformly distributed across the powder population or concentrated in rare, highly enriched
particles, and LPBF specimens produced from the Sn-containing powder are examined
to assess whether localized Sn-rich features can still be detected after processing. The
novelty of this study lies in documenting the occurrence, morphology and size range of
Sn-rich impurity particles at the individual-particle scale, and in connecting these powder-
level observations with part-level SEM/EDS evidence of localized Sn-rich features. This
approach helps distinguish localized Sn contamination from homogeneous trace alloying
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and highlights the value of particle-level chemical screening as a complement to bulk
powder analysis.

2. Materials and Methods
2.1. Powder Feedstock

Two batches of pre-alloyed AlI-Mg—Zr powders were produced by gas atomization,
leading to a particle size distribution of nominally 20-63 um. The elemental compositions
were measured by inductively coupled plasma (ICP-OES; Agilent Technologies, Santa
Clara, CA, USA) analysis and are summarized in Table 1. The two batches had different
bulk Sn levels: 0.07 £ 0.02 wt.% Sn in batch A (Sn-high) and <0.01 wt.% Sn in batch B
(Sn-low).

Table 1. ICP-measured chemical composition of the two Al-Mg—-Zr powder batches (wt.%).

Batch Al Mg Zr Sn Fe

Batch A:
Al-Mg-Zr-5n Bal. 14.02 £0.08 1.034+0.03 0.07£0.02 0.06 £0.00
(Sn-high)

Batch B:
Al-Mg—Zr Bal. 1391 +£021 143 +0.04 <0.01 0.05 4= 0.00
(Sn-low)

2.2. Automated Particle-by-Particle SEM/EDS Analysis

Particle-level screening was performed using a Phenom XL G3 SEM (Thermo Fisher
Scientific, Eindhoven, Netherlands) equipped with a backscattered-electron (BSE) detector
and energy-dispersive X-ray spectroscopy (EDS), controlled by the Perception automation
platform, version 7.2. The workflow comprises two operator-driven setup steps followed
by a fully automated Perception run, as summarized in Figure 1. The SEM was operated
at 15 kV, 8.5 mm working distance, and 80% spot (~1 nA). Powders were dry-dispersed
onto 1-inch carbon adhesive tabs mounted on aluminum stubs to achieve quasi-monolayer
coverage, without conductive coating.

Two manual steps preceded automation: (1) loading the sample stub into the SEM
chamber, and (2) defining a ~1-inch diameter circular region of interest (ROI) on the sample
using the SEM navigation image. Perception then tiled the ROI into 909 um width fields
of view (FOVs) with 15% overlap (edge-loss control) and automatically de-duplicated
particles detected in overlap regions based on particle localization. Particles were detected
using atomic-number (Z) contrast in BSE images, with metal particles appearing bright
against the low-Z carbon tape background. So, BSE images were acquired for particle
segmentation, centroid localization, and sizing. Particle size was reported as the maximum
Feret diameter (Dmax); only particles with Dmax > 5 um were subjected to EDS.

For each selected particle, an EDS spectrum (area scan) was acquired with a dwell
time of 0.5 s and automatically extended to 2 s when Sn > 5 wt.% was flagged to improve
counting statistics. Particles were classified using a rule file into Sn-containing, Fe-rich,
base-alloy classes, or unclassified. Sn-containing particles were defined as Sn > 5 wt.%
and Fe-rich particles as Fe > 40 wt.% in the EDS output. These thresholds were chosen to
provide robust classification during high-throughput automated analysis: the Sn threshold
was set at 5 wt. % to reduce false-positive identification caused by spectral noise at short
EDS acquisition times, while the relatively high Fe threshold was used to focus on particles
with clearly elevated Fe content, as Fe may also be present in other particle types at lower
levels. Base-alloy classes corresponded to the designed alloy composition, whereas particles
not matching any predefined rule (e.g., unexpected or mixed compositions, or spectra with
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insufficient counts) were assigned to the unclassified category for subsequent review and
potential reclassification. To ensure comparability between batches, runs were stopped
after 20,001 analyzed particles per powder. Images, coordinates, size metrics, and EDS
results were stored to enable post-run relocation and verification using Particle Inspector (a
Perception software module for particle review and relocation). Compositions are reported
as semi-quantitative particle snapshots influenced by surface oxides and particle curvature,
but they are suitable for high-throughput impurity detection and classification.

Prepare the powder sample (manual)
Dry-disperse powder onto 1-inch carbon tape and mount onto SEM stub.

<>

Define ROI (manual)
~7-inch circular ROI on on the sample using the SEM navigation image

<>

Tile ROl into FOVs
909 um SEM fields of view (FOV) with 15% overlap (edge-loss control)

<>
Acquire BSD image for each FOV
=P Acquire BSE images, segment particles, measure particle size and
select particles with Dmax > 5 um for EDS.

< 5F
Acquire EDS spectra and quantify composition.
Acquire an EDS spectrum (area scan) for each selected particle (0.5 s
dwell time; extended to 2 s when Sn = 5 wt.% is flagged).

<

Classify particles using a rule file and export results.
Apply rule-based classification (e.g., Sn 2 5 wt.% > Sn-containing) and store
images, composition, size, and coordinates in a database.

<>

Repeat until the stop criterion is reached.
Iterate until 20,001 particles are analyzed per powder batch.

>

Outputs
Database: BSE image + EDS + size + coordinates; relocation in Particle Inspector

Figure 1. Two-stage workflow for automated particle-by-particle SEM/EDS screening. Manual
steps include powder mounting and region of interest (ROI) definition on the SEM navigation im-
age. Perception then performs automated field of view (FOV) tiling with overlap and automatic
de-duplication, BSE-based particle detection and sizing, triggered EDS acquisition, rule-based classi-
fication, and database export with relocation for verification.

2.3. Complementary SEM/EDS Mapping of LPBF Parts and Fracture Surfaces

LPBF-built specimens were examined to assess whether Sn-rich features identi-
fied at the powder-particle level could still be detected after processing. A ProX
DMP 200 LPBF machine (3D Systems, Rock Hill, SC, USA) was used to manufacture
plates (100 x 13 x 1.5 mm?) with both powder batches. Process parameters were opti-
mized to achieve maximum density with batch A powder. Parallelepiped specimens
(10 x 10 x 5 mm?) were produced using a fixed hexagonal scanning strategy and a con-
stant powder layer thickness ¢ of 30 um, while the laser power P (164-273 W), scanning
speed v (200-1200 mm/s) and hatch spacing HS (50-100 pm) were systematically varied.
Two scanning strategies were investigated: a single scan (SS) strategy and a pre-sintering
(PS) strategy were used. The PS strategy consists of scanning each powder layer twice,
with the first pass performed at half the laser power of the second pass [23,24]. Den-
sity was measured using the Archimedes” method with ethanol as the immersion liquid
(0 =0.79105 g/cm? at 18 °C). Figure 2 presents the measured densities as a function of the
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volumetric energy density (VED) [J/ mm?]. The VED is defined as VED = ﬁ [25]. For
the PS strategy, the VED was calculated based only on the second laser and is therefore
underestimated. The highest density was obtained for a laser power of 164 W, a scanning
speed of 300 mm/s, a hatch spacing of 60 um and using the PS strategy. For the batch B
powder, similar processing parameters were employed, except that the SS strategy was
used instead of the PS strategy [26].

2
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Figure 2. Density measured by Archimedes” method as a function of the volumetric energy density
(VED) for all parameters sets tested during optimization.

Three tensile specimens were machined from those plates by Electrical Discharge
Machining (EDM) for batch A powder while nine tensile samples were machined for batch
B powder, perpendicular to the building direction. The tensile specimens followed the
ASTM-E8M standard [27] with a thickness of 1.5 mm, a reduced section length of 26 mm
and a reduced section width of 6 mm. A Zwick/Roell 50 kN (ZwickRoell, Ulm, Germany)
was used to performed tensile tests. The crosshead displacement was fixed at 1 mm/min
and the gauge length at 20 mm.

A SEM equipped with EDS was used for manual micro-area analysis of three LPBF-
built specimens printed with different processing parameters. As similar results were
obtained for the three samples, the only sample discussed here is the one produced with
optimal processing parameters. Polished cross-sections were examined by BSE imaging
to assess local morphology and potential pits or porosity, followed by EDS elemental
mapping analysis for composition. In addition, fractured tensile specimens were examined
by SEM fractography, and EDS mapping was used to identify Sn-rich phases on the fracture
surface. The purpose of these observations was to provide part-level information on the
occurrence and spatial distribution of Sn-rich features after LPBF processing and to assess
whether Sn-rich contamination identified in the powder feedstock could be traced in the
printed parts.

3. Results and Discussion
3.1. Automated Screening Statistics and Impurity Particle Populations

Table 2 summarizes the automated SEM/EDS classification results. A total of
20,001 particles were analyzed per powder in ~110 min. For both batches, the vast ma-
jority of particles matched the base-alloy classes (Al-Mg—-Zr and Al-Mg). Sn-containing
particles were extremely rare (<0.05% of the population) but exhibited very high Sn
concentrations, indicating that the bulk Sn measured by ICP originates from a small
number of highly enriched particles rather than from homogeneous micro-alloying.
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Table 2. Summary of automated SEM/EDS particle classification results.

Powder Batch Analy zed Sn-Containing Fe-Rich Unclassified Al-Mg-Zr Al-Mg
Particles
Batch A:
Al-Mg-Zr-Sn 20,001 8 (0.040%) 6 (0.030%) 350 (1.75%) 19,430 (97.15%) 207 (1.03%)
(Sn-high)
Batch B:
Al-Mg-Zr 20,001 3 (0.015%) 7 (0.035%) 344 (1.72%) 19,502 (97.50%) 145 (0.725%)
(Sn-low)
3.2. Sn-Containing Particles: Composition, Morphology and Size
Table 3 lists the composition and size of all Sn-containing particles detected by the
automated workflow. Despite their very low number, all detected Sn-containing particles
were highly enriched in Sn, with Sn contents above 45 wt.% and up to approximately
88 wt.%, frequently accompanied by Cu. This confirms that Sn was not present as a
homogeneous trace element in the powder population but was concentrated in discrete
impurity particles. Differences in particle morphology and size were also observed between
the two powders, as illustrated by representative BSE images in Figure 2. In batch A, the
Sn-rich particles were mostly spherical and had Dmax values of approximately 2540 um
(Figure 3a), whereas those detected in batch B were smaller (Dmax ~ 6-14 pm) and more
fragment-like (Figure 3b). Since the Sn-rich particles in batch A fall within the nominal
20-63 um LPBF feedstock size range, they would not be removed by conventional sieving
and could therefore be incorporated into the powder bed and melt pool.
Table 3. Composition (EDS, wt.%) and maximum Dmax of Sn-containing particles.
Batch ParticleID  Dmax (um) Sn Cu Al Mg Zr Fe Na Ca
A 1 39.6 69.3 19.2 5.8 2.6 1.8 0.0 0.0 1.3
A 2 32.1 65.5 16.8 7.9 5.8 1.1 0.0 29 0.0
A 3 32.5 78.8 7.7 9.1 44 0.0 0.0 0.0 0.0
A 4 323 70.4 9.6 11.7 4.1 1.8 11 0.0 1.3
A 5 32.0 714 8.3 13.8 52 1.3 0.0 0.0 0.0
A 6 27.6 64.8 11.8 14.9 7.0 0.0 0.0 1.5 0.0
A 7 30.7 48.0 8.2 30.5 11.7 0.0 0.0 1.6 0.0
A 8 38.8 53.1 11.2 14.7 10.2 1.6 0.0 9.2 0.0
B 9 13.8 88.0 1.4 4.3 2.0 2.1 0.0 0.0 2.2
B 10 6.0 73.8 3.6 9.5 4.0 15 0.0 7.6 0.0
B 11 11.0 85.2 0.0 6.2 2.7 1.2 0.0 3.0 1.7

Figure 3. Representative BSE images of Sn-containing particles identified by the automated SEM/EDS
workflow. (a) Batch A (Sn-high): predominantly spherical Sn-rich particle. (b) Batch B (Sn-low):
fragment-like Sn-rich particle.
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3.3. Fe-Rich Particles and Possible Sources

Fe-rich particles (Fe > 40 wt.%) were also detected in both powders at similarly low
counts (Table 2). Most Fe-rich particles were irregular and small, typically <15 pum, although
particle 6 of batch A reached Dmax ~ 24 um, as illustrated by representative BSE images
in Figure 4. In many cases, Cr and Ni were co-detected (Table 4), suggesting stainless
steel-related debris originating from powder handling, sieving, or equipment wear. Similar
metallic and ceramic contaminants have been widely reported in AM powders and may
act as potential crack initiation sites depending on their size, morphology, and number
density [12].

Figure 4. Representative BSE images of Fe-rich particles (Fe > 40 wt.%) identified by the automated
SEM/EDS workflow in both powder batches. (a) Batch A. (b) Batch B.

Table 4. Composition (EDS, wt.%) and maximum Feret diameter (Dmax) of Fe-rich particles
(Fe > 40 wt.%).

Batch ParticleID Dmax (um) Fe Ni Cr Mn Al Mg Zr Cu Na
A 1 6.9 69.0 8.5 17.6 0.0 3.2 0.0 1.7 0.0 0.0
A 2 6.7 62.2 10.5 14.7 0.0 5.4 2.4 1.6 2.2 1.0
A 3 5.8 62.9 7.4 17.6 2.0 6.4 2.7 1.0 0.0 0.0
A 4 10.7 68.0 8.6 15.3 2.9 3.2 0.0 0.0 0.0 21
A 5 8.4 68.2 10.6 19.2 0.0 21 0.0 0.0 0.0 0.0
A 6 239 64.0 9.3 20.1 0.0 4.0 1.2 1.4 0.0 0.0
B 7 5.2 69.3 12.5 9.9 22 3.1 2.9 0.0 0.0 0.0
B 8 6.9 63.3 0.0 0.0 0.0 6.1 5.1 0.0 3.2 224
B 9 9.5 66.8 7.9 17.9 2.8 32 14 0.0 0.0 0.0
B 10 8.8 62.5 8.6 15.9 1.6 7.0 24 0.0 2.2 0.0
B 11 6.3 63.4 14.0 16.5 1.8 4.3 0.0 0.0 0.0 0.0
B 12 13.8 61.9 9.5 15.5 24 6.3 2.3 0.0 21 0.0
B 13 7.3 62.7 10.3 16.5 1.3 3.9 3.2 2.1 0.0 0.0

3.4. Persistence of Sn-Rich Features in LPBF Parts

Figure 5a presents the microstructure of a specimen produced from batch A powder
using the selected LPBF processing parameters. Localized Sn-rich regions were iden-
tified throughout the microstructure and are highlighted by the red circles. A higher-
magnification view of one representative region is shown in Figure 5b, while the corre-
sponding EDS Sn map (Figure 5c) confirms the presence of local Sn enrichment. These
observations demonstrate that Sn-rich features can still be detected after LPBF processing.
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H
100 pm

Figure 5. (a) BSE image of a polished section parallel to the build direction from an LPBF-built
specimen produced with batch A, showing process-induced pores (blue arrows) and Sn-rich regions
(red circles), (b) higher-magnification view of a Sn-rich region and (c) corresponding EDS Sn map
confirming Sn enrichment in the highlighted region.

Some of the identified Sn-rich regions were observed in the vicinity of pores (blue
arrows), whereas others occurred independently within the microstructure. However,
based on the present observations, it is not possible to establish a direct relationship
between Sn enrichment and pore formation, nor to determine whether pores located within
or near Sn-rich regions originated from the LPBF process or from sample preparation
(e.g., polishing).

EDS measurements of the Sn-enriched region shown in Figure 5 revealed an average
composition of 3.6 + 1.7 at.% Mg and 1.6 & 1.0 at.% Sn, which is consistent with the
possible presence of MgySn precipitates. According to the Al-Sn phase diagram, no
Al-Sn intermetallic phases are expected. No Sn was detected in the surrounding matrix by
EDS analysis.

Samples produced from batch A exhibited an average yield strength of 298 £ 2 MPa,
an ultimate tensile strength of 381 & 6 MPa and an elongation at fracture of 13 + 0.4%.
Fractographic analysis of three tensile specimens from batch A revealed, in one specimen,
a localized region densely populated with precipitate- or intermetallic-like particles on
the fracture surface (Figure 6a). EDS mapping confirmed the presence of Sn-rich phases
within this region (Figure 6b). Together with the observations from polished sections,
these results demonstrate that localized Sn-rich features can still be detected after LPBF
processing. In the same specimen, a microcrack was observed in the vicinity of a Sn-rich
region (red rectangle in Figure 6a). However, the present observations do not allow a direct
relationship between the microcrack and the Sn-rich feature to be established, as similar
defects may also originate from LPBF processing conditions.
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Figure 6. (a) SEM-BSE fractography of a tensile specimen built from batch A and loaded perpendicular
to the build direction, showing Sn-enriched regions on the fracture surface. (b) Higher-magnification
view and (c) corresponding EDS Sn map confirming Sn-rich phases at the fracture surface.

For batch B, no localized Sn-rich features were identified in the limited part-level
SEM/EDS observations. Given the very low number density of Sn-rich particles detected
in this powder batch, their incorporation into the analyzed specimens is expected to be
probabilistic, and the absence of detected Sn-rich features does not necessarily exclude
their presence elsewhere in the built material. The corresponding specimens exhibited
a yield strength of 290 + 23 MPa, an ultimate tensile strength of 373 &+ 25 MPa and an
elongation at fracture of 11 & 1.4%. Because the two batches differ slightly in composition,
these values are reported for completeness and are not intended for a direct comparison of
LPBF performance.

Overall, localized Sn-rich regions were identified in polished cross-sections of LPBF-
built specimens, while Sn-rich phases were also detected on tensile fracture surfaces.
Together with the particle-level observations in the powder feedstock, these results indicate
that Sn-rich particles present in the powder can remain detectable after LPBF processing.
The present study does not establish a direct relationship between the observed Sn-rich fea-
tures and defect formation, fracture behavior or mechanical performance. However, the oc-
currence of such localized heterogeneities remains relevant from a powder-quality perspec-
tive. Previous studies have shown that foreign particles and powder cross-contamination
can evade conventional powder acceptance protocols and negatively affect the perfor-
mance of AM components, including increased scatter in tensile properties and reduced
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fatigue life [13-15]. The results of the present work therefore highlight the importance of
particle-level screening methods that complement bulk chemical analysis and enable the
detection of localized contamination that would otherwise remain hidden. Such methods
may be particularly valuable for powder qualification and contamination monitoring when
LPBF components are intended for fatigue-critical applications or operation in demanding
service environments.

A possible explanation for the observed Sn-rich features is the incomplete homoge-
nization of unintended Sn-bearing particles during LPBE. Because Sn has a much lower
melting point than Al, Sn-rich particles may melt readily during laser exposure [16-20].
However, complete chemical mixing may be limited by the short melt-pool lifetime and
rapid solidification during LPBF [23-25]. As a result, Sn can remain locally enriched after
solidification and may contribute to Mg—Sn-rich features in the Mg-containing alloy. This
interpretation is consistent with the local Mg/Sn enrichment measured by EDS and with
the absence of detectable Sn in the surrounding matrix. Further work would be required to
establish whether such Sn-rich features play a causal role in pore formation, cracking, or
fracture behavior.

4. Conclusions

The novelty of this work lies in demonstrating that low bulk Sn levels can mask rare,
highly Sn-enriched impurity particles and that such localized contamination can remain
detectable after LPBF processing as Sn-rich microstructural or fracture-surface features.
This provides a particle-level powder-quality perspective that cannot be obtained from
bulk chemical analysis alone. The main findings are the following:

1. Bulk Sn levels measured by ICP did not reflect the particle-scale distribution of
Sn within the powder population. Automated SEM/EDS analysis showed that Sn-
containing particles were extremely rare in both powders but occurred as highly
concentrated Sn-rich impurity particles.

2. In the analyzed populations of 20,001 particles per batch, eight Sn-rich particles were
detected in batch A and three in batch B. All detected Sn-rich particles contained
more than 45 wt.% Sn. In batch A, these particles had Dmax values between 27.6 and
39.6 um, placing them within the nominal LPBF feedstock size range.

3. BSEimaging and EDS mapping of polished cross-sections and tensile fracture surfaces
of LPBF specimens built from batch A revealed spatially localized Sn-rich features,
including Sn-rich regions in the microstructure and Sn-rich phases on the fracture
surface. These observations indicate that particle-scale Sn contamination can persist
after LPBF processing and is not distributed uniformly throughout the analyzed
material volume.

Future studies should focus on the influence of Sn contamination on fatigue perfor-
mance, with particular attention to its potential role as a stress concentrator and crack
initiation site. In addition, the effect of Sn contamination during heat treatment should
be examined, considering the low melting point of Sn relative to temperatures commonly
used for post-processing treatments in Al-Mg-Zr alloys.
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