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Abstract

A growing number of steel components are being fabricated by 3D metal printing. Using metallic powder
as the material fed into the laser is selective laser melting (SLM), one of the most popular and precise
techniques. The main focus of this article is the investigation that Renishaw conducted on the powder
that was supplied. The powder is made using the gas atomization method, and the powder obtained from
the SLM process is then examined. The powder's morphology is analysed using scanning electron
microscopy (SEM). The particles were seen to have a spherical shape, with a notable number of satellites
attached to their surface. The particle size distribution (PSD) was examined and ranged from 15 to 90
um. In addition, the porosity exhibited a range of values between 0.03% and 0.12%, with an average
value of 0.07%. Additionally, the surface wettability was tested, and it was seen to display a wetting
behavior (under 90°) which provided surface energy up to 46.21 mJ.m™2.
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1 INTRODUCTION

Recent advancements in 3D printing technology have
transformed manufacturing, allowing for the creation of
highly functional, lightweight, and complex products across
various industries. Among the diverse additive
manufacturing methods, Selective Laser Melting (SLM) has
gained prominence due to its ability to produce components
with superior mechanical properties compared to traditional
manufacturing techniques [Mechali et al. 2024, Marsalek et
al. 2020]. This technology has opened up new possibilities
in design and production, particularly in sectors that require
high-performance materials.

SLM's layer-by-layer fabrication approach is especially
effective in producing metallic components with exceptional
tensile strength and flexibility. This capability is crucial in
industries such as aerospace, automotive, and tooling,
where structural components must meet rigors standards
[Brytan et al. 2022 Fortunato et al. 2018 , Ullah et al.
2020]. The technique allows for the precise control of
material properties, which is essential for achieving the

desired performance characteristics in these critical
applications [ Song et al. 2019, Mutua et al. 2018].

Despite its advantages, SLM is a complex process that

presents several challenges. The simultaneous
involvement of thermal, mechanical, and chemical
processes, along with  significant  metallurgical

considerations, makes it difficult to fully understand and
predict the behavior of printed components. The presence
of solid, liquid, and gaseous states during the SLM process
adds to this complexity, making it challenging to develop
accurate mathematical models that can simulate the
process's outcomes [Hajnys et al. 2020].

A key factor influencing the success of the SLM process is
the properties of the metal powder used as the medium.
The powder's morphology, particle size distribution,
flowability, and porosity are critical in determining the final
quality of the printed component [Hajnys et al. 2020]. For
example, spherical powder particles, typically produced
through gas atomization, offer advantages in terms of
fluidity and packing density, which are essential for creating
a uniform and high-density powder layer. However,
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achieving the optimal particle size and distribution is not
without its challenges [Karapatis 2002].

In the specific context of SLM, selecting the appropriate
input material is crucial. Maraging steels, which are carbon-
free iron-nickel alloys, are particularly well-suited for
applications requiring high strength, excellent tensile
properties, and superior weldability. These alloys, which
include elements such as molybdenum, cobalt and titanium,
are commonly used in demanding sectors like aviation,
tooling, and military applications [Casalino et al. 2015].

This research specifically examines the behavior of
components manufactured from M300 maraging steel
utilizing SLM technology. The objective of this study is to
examine the morphology of maraging steel powder, then
analyse the porosity of the generated components and
evaluate the surface wettability of the printed samples. This
study aims to enhance our understanding of the interplay
between the characteristics of maraging steel and the

selective laser melting (SLM) method and how they impact
the performance of printed components.

2 MATERIAL AND METHODS
2.1 PROPERTIES OF THE POWDER

Carpenter Technology Corporation supplied the first batch
of M300 maraging steel powder. Energy-dispersive X-ray
spectroscopy (EDS) verified the nominal chemical
composition that was supplied by the manufacturer (Table
1). There are some minor variations, but given the accuracy
of both approaches, it is difficult to assess any departure
from the nominal composition. Using scanning electron
microscopy (SEM), the morphology of M300 maraging steel
was examined. Utilizing the MasterSizer3000 particle size
analyzer (Malvern Panalytical Ltd., Malvern, UK), the
particle size distribution (PSD) was assessed.

Tab. 1: The M300 maraging steel's chemical composition (wz.%).

Element Ni Co Ti Mo Si Fe
Manufacturer 17-19 7-10 0.30-1.20 4.50-5.20 0.08 Bal
EDS analysis 16.80 + 0.29 9.40 +0.17 0.81 £0.06 3.70+£0.19 0.40 £ 0.09 67.08 £0.30

2.2 3D printing and printing parameter

An SLM Renishaw AM500 3D printer was used in order to
construct the samples. A laser that has a maximum power
rating of 500 W is included in the machinery that makes up
the printer. A purity level of 5.0 was achieved by the inert
gas that was used, which was argon. 70 ym was focus size.
For the purpose of preventing powder oxidation during the
setup process and due to the ineffectiveness of the inert
gas in removing metal vapors during the printing process,
the chamber was continually purged of air and kept at a
level that was lower than 1000 parts per million. QuantAM

Surface wetability
samples

Iding direction

Bui

software, version 5.0.0.135, developed by Renishaw and
Wotton under Edge in the United Kingdom, was used to set
up the system. The samples were printed directly onto the
substrate, and there was a need for support materials. Two
samples of dimension 20x20x20mm were built for checking
porosity sections perpendicular and parallel to the printing
plane. Two samples of dimension 43x10x3mm were built
for the calculation of the surface wettability in one build, as
shown in figure 1.

Porosity samples

Supports

Fig. 1: Schematic graphic depicting the buildup of samples.

Tab. 2: SLM parameters for the manufacturing process.
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Parameter Value

Power of a laser 250 W
Printing strategy Meander
Spacing between hatches 0.11 mm
Speed of Scanning 650 mm/s
Preheat temperature Ambient

2.3 Surface wettability:

Before the calculation of surface wettability, we did some
surface finishing on specimen number 2. Specimen number
2 underwent tumbling using the OTEC CF1 32EL tumbler
for 360 minutes. The device was set to turn at a velocity of
250 revolutions per minute. The tumbling process used
three dissimilar materials: ceramic, plastic, and porcelain,
while the first specimen was as-built. This analysis aimed
to ensure that the post-processed components retained
suitable surface characteristics, allowing for a direct
comparison with the as-built samples to determine the
impact of the post-processing on the material's wettability.

The sessile drop technique was used in order to determine
the wettability property of the sample. The SEE system was
responsible for determining the surface contact angle, and
the Advex Instrument software was responsible for
determining the surface energy that is not bound by
surrounding materials. The contact angle 6 was determined
by measuring the tangent to the drop profile at the point
where the three phases (liquid, solid, and gas) come into
contact with the surface of the sample plane [Hlinka et al.
2020]. 2uL droplets of double-distilled water were applied
to the area under examination. The free surface energy of
the solid sample is determined Young’s Equation (1), where

Ys,Ys,, and YL represent the interfacial tensions per

unitlength of the solid-vapor, solid-liquid, and liquid-vapor
contact line respectively [Hlinka et al. 2020].

Ysv =Ysi = Yivcos 6 (l)

3. RESULTS AND DISCUSSION:
3.1 Morphology of the powder:

The morphology of powder is an essential feature that
impacts the use of metal powder using laser in relation to
its flowability and density.

The imaging technique of scanning electron microscopy
(SEM) was used in order to examine the powder particles.
Images obtained by microscopy of the M300 powder are
shown in Figures 2 and 3, which reveal that the particles
have a spherical form. As can be observed in figure 2.a, a
sizeable proportion of particles have satellites, which are
smaller particles, attached to their surface. Satellites are
often found on particles (figure3.b). According to the
findings of the study of virgin powder, the technique of gas
atomization that was used in the production of the powder
led to the generation of particles that were not spherical, as
shown in figure 2.b. In addition, the satellites are considered
to be a defect in the production process [Hajnys et al.
2020].

(b)

Fig. 2: M300 maraging steel powder (SEM) (a) morphology of the particles with 500 x magnification ; (b) metallographic
with defects with 2000 x magnification (1) spherical particles —(2) spherical with satellites —(3) irreqular — (4) splat cap
irreqular —(5) agglomerated.
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After doing a more in-depth investigation it was found that
the particles do not necessarily possess an isometric
structure. Alongside the spherical particles as seen in figure
3.a, it is possible to see irregular, elongated, and
agglomerated forms in the powders (figure 2.b) . It is
primarily believed that the distinctive melting and
solidification process that is specific to additive
manufacturing (AM) is responsible for this phenomenon.
Powders that are smooth and spherical may be difficult to
manufacture, despite the fact that they may be chosen for
a number of applications in additive manufacturing.

The result is often fairly spherical. It is possible that the
morphology of the particles is affected by the thermal

det| WD |mag O|mode
5.0 [20.00 kKVIETD|{11.3 mm ! 5000x | SE

spo HV

conductivity of the molten metal, which is responsible for
controlling the rate of cooling that occurs during the
formation of particles and the subsequent solidification
process.

According to the findings of the examination, the particle
sizes were found to fall within the permissible range of 15
to 90um, as seen in Figure 4. The results for the distribution
of particle sizes are summarized in Table 3, which provides
a quick summary of the findings. The values of Dv (10), Dv
(50), and Dv (90) indicated that they were 23,4 ym, 34,3
um, and 51,1 um, respectively. This was viewed as an
appropriate distribution for the specified application.

(b)
Fig. 3: Morphology of particles (SEM) -a) spherical particles with 5000 x magnification -b) spherical with satellites with

5000 x magnification
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Fig. 4: Frequency (compatible) and Undersize of M300 Maraging steel

Tab. 3: particle size distribution results.

Parameter

Value

Concentration
Dv (10)
Dv (50)
Dv (90)

0,0109 %
23,4 um
34,3 um
51,1 um
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3.2 Porosity

Assessing the porosity of the material was accomplished by
using the thresholding approach. The overall proportion of
black dots that indicated pores was computed after the
photos were converted to black and white [Hlinka et al.
2020]. This was done after the photographs were
converted. Taking this approach is analogous to the
standard that is established by ASTM E1245. It was
decided to employ a low magnification in order to lessen the
potential impact that may be brought about by the different
pore concentrations that were present in the different
sample sites. These images were obtained for each
sample. These images were shot at a 100 x magnification,
and there was no etching present in any of them. Figure 5
displays the typical pictures consisting of samples gathered
from each batch. Porosity was calculated five times and
averaged in five deferent depths, the measurements of the
porosity with the mean porosity values are shown in Table
4, together with the standard derivation of the mean value.
The porosity of these samples varied from 0.04% to 0.11%
for sections perpendicular to the printing plane and from
0.03% to 0.12% for sections parallel to the printing plane of

(a)

their entire volume, with a mean value of 0.07% for each
section. Comparing our results to the data that was
provided in publications [Ronda et al., 2022], where the
porosity ranged from 0.12% to 1.12%, we found that our
findings on the on the porosity of M300 maraging steel were
much lower and considered it appropriate for M300
maraging steel applications. This is related to printing
parameters. In general, the mechanical characteristics of
printed components, such as tensile strength, Young's
module, Poisson ratio, and damping capacity, will decrease
as the concentration of porosity increases.

There is a possibility that decreasing the porosity of a
material may result in improved mechanical and fatigue
performance. This is due to the fact that individual pores
have the capability of acting as stress concentrators. The
holes were really sealed chambers that do not contain
particles of powder; insufficient laser power may result in
inadequate melting of the powder particles, causing
incomplete fusion either across layers or inside a single
layer. This leads to the formation of pores or cavities inside
the printed component [Alamri et al. 2022].

(b)

Fig. 5: Macroimages of surfaces of samples used for porosity determination with 100 x magnification (a) sample for
section perpendicular to the printing plane (b) sample for section parallel to the printing plane.

Tab. 4: Values of average porosity.

Measurement  Measurement Measurement  Measurement Measurement Average
Sample :
1 2 3 4 5 porosity (%)
Section perpendicular 0.07 0.08 0.07 0.04 0.11 0.07 £ 0.029
section parallel 0.03 0.07 0.04 0.12 0.09 0.07 £ 0.039

3.3 Surface wettability:

The contact angle measurements were carried out on
surfaces that were very precise. This was done to ensure

that the findings were not affected by any roughness or
surface imperfections that may have been present. In order
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to clean each component of the sample in isolation prior to
the test being carried out, an ultrasonic bath that contained
acetone was used. In order to prevent any potential
scratching, the surfaces that were being evaluated were
positioned in such a way that they exposed themselves to
the upward direction. There was an intentional placing of
the droplets outside of the pores that were visible, which
may have had an influence on the morphology of the
droplets [Hlinka et al. 2020]. During this test, the tumbled
sample was compared to as-built sample. Table 5 displays
the test results and their corresponding standard
deviations, summarizing the average findings. Both Figure

6.a, depicting the as-built sample, and Figure 6.b, depicting
the tumbled sample, feature images typical of droplets on
the studied surfaces. The tumbling sample's surface
wettability is lower than that of the as-built sample, which
has the same surface wettability behavior (wetting
behavior). The reason for this is that the tumbled sample
underwent a rotation. This led to the creation of a unique
surface energy value, characterized by a rise in surface
energy and a fall in the contact angle. Both the as-built and
post-processed samples exhibit wetting behavior when the
contact angle is less than 90 degrees, indicating a hydraulic
role for both.

Tab. 5: Values of contact angle and calculated surface energy for as-built sample sample and post treated sample.

Sample Contact Angle () Surface Energy Wetting Behavior
(mJ.m~2)
As-built sample 73.27 £6.30 40.84 Wetting
Tumbled sample 59.30 +4.70 46.21 Wetting

(a)

Fig. 6: contact angles with centrifugal tumbling (a) as-built specimen (b) post treated specimen.

4 SUMMARY

The purpose of this study was to investigate the
morphology of the virgin M300 maraging steel powder, as
well as the porosity and surface wettability of the M300
maraging steel that was printed using SLM. due to Studying
powdered metal is an essential foundation for further
research in additive technologies. The confirmation of
general information about powder morphology, which is
mostly influenced by the process used for powder
manufacture, has been established, the results of this study
can be resumed in the following:

e The particles were discovered to have a spherical
shape, with a notable portion of what are known
as satellites sticking to the surface of the particles.
The analysis of virgin powder indicates that the
gas atomization process results in non-ideal
spherical form for some particles. Additionally,
satellites are seen as a drawback of the
manufacturing technique.

(b)

e The particle size distribution (PSD) showed that
the size of particles varied from 15 to 90um. This
was considered to be the most suited distribution
for the given application. The results for Dv (10),
Dv (50), and Dv (90) were 23.4 ym, 34.3 ym, and
51.1 ym, respectively.

e The samples exhibited porosities ranging from
0.03% to 0.12% with mean value of 0.07% for both
sections parallel and perpendicular.

e Measurements of the contact angles showed that
the SLM-printed sample has a wetting behavior
(contact angle under 90); however, post-
processing improved the surface wettability of the
M300-printed material, which led to an
improvement in surface energy.

Due to these results, we highly recommend the use of SLM
M300 maraging steel for its practical applications due of its
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morphology, suitable particles size distribution, low porosity
and wetting contact angle which play a hydraulic behavior.
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