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Abstract

Additivated powders allow an extension of suitable materials for the powder bed fusion laser beam process (PBF-LB/M).
High nitrogen steel (HNS) powders and components are limited by the nitrogen solubility of the melt and thus possible
interstitial solid solution strengthening. In this study, SisN4 powder is added to the austenitic steel powder AISI 304L. The
PBF-LB/M process is adapted to shape components in which the SisN4 particles are only partially dissolved in the melt. In
a subsequent hot isostatic pressing (HIP) process, nitrogen diffuses into the component, taking advantage of the high
nitrogen solubility of the austenite. The particle size distribution of the powders and the process parameters of the PBF-
LB/M process were varied in the context of this work. Undissolved SisN4 particles are identified and the total nitrogen
contents are quantified to evaluate the process parameters and melting behavior of SisN4 additivated austenitic steel
powders. The final material is evaluated regarding density and microstructure.
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1. Introduction

Additivation of commercially available powders for laser-based additive manufacturing with PBF-LB/M has
gained increasing interest in the research community. The main objective is to overcome the limited range of
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available steel grades for PBF-LB/M, such as AISI 316L [1], 17-4PH [2] or 18-Ni300 [3]. In-situ alloying in the.
PBF-LB/M process meets these requirements while eliminating the need for expensive special atomization
The PBF-LB/M processing of steels with additives has already been the subject of several studies. These have
in common the intention to improve the base materials, but currently there is still a lack of used powders and
target alloy systems. Furthermore, the homogeneity of the samples represents a research point, including pre-
processes, in-processes and post-processes to avoid demixing effects [4—7]. The objective of this work is to
produce high nitrogen steels (HNS) by adding silicon nitride (SisN4) to austenitic stainless steel (ASS) powders
in the PBF-LB/M process. Figure 1 illustrates the required process steps with particular emphasis on the PBF-
LB/M process, which is the focus of this paper.
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Fig. 1. Process chain for the development of HNS using additivated ASS powder, PBF-LB/M process and HIP post densification

2. Material and Methods
2.1. Powder materials

X2CrNi18-9 (1.4307, AlSI 304L) gas atomized austenitic stainless steel (ASS) powder delivered by Carpenter
Additive was used as the matrix material in this word. The powder was sieved to the fraction of 20 — 63 um
and dried at 105 °C for 30 minutes under air atmosphere. The ASS was additivated with 0.9 wt.-% SizsN4 powder
(FuseNano) of a particle size between 36 and 71 um. The additivated powder is hereafter referred to ASS+.
The chemical compositions (extracted from the datasheets/calculated), flow rates (FRu) according to ASTM
B213, and apparent densities (AD) according to ASTM B212 are given in Table 1.
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Table 1. Chemical composition and powder properties of X2CrNi18-9 (Carpenter Additive), SisNs (FuseNano) and ASS+ (additivated
X2CrNi18-9)

Chemical composition [wt.-%] FR# AD

C Si Mn Cr Ni Mo O N Fe [s/50g] [g/cm?]
ASS 0.028 066 1.2 184 9.2 0.01 0.03 0.08 Bal. 19 4.25
SisNs - Bal. - - - 0.7 33 - - -
ASS+ 0.028 125 1.2 182 91 0.01 0.05 045 Bal. 18 3.91

2.2. PBF-LB/M processing

A SLM 100 (Realizer GmbH) was used to produce cuboids (10x10x10 mm?3). The emitted radiation has a
wavelength of 1070 £+ 2.5 nm and reaches a maximum laser power of 200 W. The layer thickness d; was
50 um, the preheating temperature was set to 200 °C, and the hatch distance dy was 0.1 mm. All experiments
were performed under nitrogen atmosphere. The process parameters exposure time t,, point distance d,,

and laser power P, were varied and are represented in the volume energy density E,, calculated by equations
(1) and (2).

d (1)
=P
Vg = te
- b (2)
v 175 ) dH : dl

2.3. Analysis of powder materials

The particle size distribution (PSD) of the used powder materials was measured by a laser scattering PSD
analyzer LA-950 (Horiba Ltd.) under dry conditions. Its relative humidity was determined with a moisture
analyzer DBS (Kern & Sohn GmbH). The analysis of the N content is used as an indicator for the amount of
SisNa particles in the additivated powders and PBF-LB/M processed specimens. It was measured by carrier gas
hot extraction on an ONH analyzer (ELTRA GmbH).

2.4. Microscopy

Light optical microscopy was performed on an Axio Imager M2m microscope (Carl Zeiss Microscopy
Deutschland GmbH). Imagel software (version 1.53) was used to analyse the relative density, pore structure,
and circularity of the pores. Etched (V2A, 70 °C, 50 s) specimens were used for microstructure characterization
and grain analysis. A scanning electron microscope of type JSM-6400 (JEOL Ltd.) was used to qualitatively
describe the powder morphology and additivated powder homogeneity. Electron backscatter diffraction
(EBSD) scans were recorded with a Helios Nano Lab Dual Beam, (Thermo Fisher Scientific). The analysis of
EBSD was carried out using TSL OIM Data Collection 7 and OIM Analysis 7 (EDAX, AMETEK). For the evaluation,
the phases austenite (a = 3.65 A) and ferrite (a = 2.87 A) were considered and illustrated in EBSD maps.
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3. Results and Discussion
3.1. Powder properties

A comparison of pure ASS and ASS+ is shown in Figure 2. The differences are evident in the SEM images,
PSD measurements, and the relative humidity.
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Fig. 2. Comparison of ASS and ASS+ powder properties including a) and b) SEM images, c) PSD measurements and d) a table of D10, D50,
D90 and relative humidity

SisN4 powder particles can be seen as white flakes in Figure 2 b). They are not cracked, agglomerated or
otherwise degenerated. For the ASS+ powder, a homogeneous distribution is observed with a shift of the PSD
towards higher particle sizes compared to the ASS powder. The values of Dig, Dso and Dgo are slightly higher
for the ASS+ powder. In addition, ASS+ powder shows an increasing value of the measured relative humidity
compared to ASS. The additivation of hydrophobic SisN4 [8] leads to an increase of the relative humidity. It is
not yet clear how the humidity gets into the SisN4 and whether the humidity can be reduced by drying at
higher temperatures.

3.2. PBF-LB/M Processing

ASS

In a first step non-additivated X2CrNi18-9 was processed to establish a reference state and to refine a
range of optimal process parameters. In Figure 3 a), the relative density of the samples and a mean circularity
of the pores are plotted against the volume energy density E.. An Ey less than 37 J/mm?3 leads to the lowest
relative density values and the lowest circularity. The energy input is too low to create a stable melt pool,
resulting in insufficient connections between the hatches and a high number of lack of fusion defects. Between
37 J/mm?3 and < 50 J/mm?3 a stable processing window exists resulting in relative densities above 99% and a
circularity of the pores around 0.9. The type of defects can be distinguished as lack of fusion defects and gas
pores (Figure 3 b). At Ev above 53 J/mm?3, gas porosity dominates, which can be identified by the highest value
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of circularity and the light optical microscopic image (Figure 3 c).
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Fig. 3. a) Relative density and pore circularity of PBF-LB/M processed ASS powder; light microscope images of specimens produces at a
volume energy density of b) 40 J/mm3 and c) 53 J/mm3

ASS+

According to the results of non-additivated ASS, the ASS+ powder is produced at Ey values between 30
J/mm?2 and 57 J/mm?3. For low volume energy densities below 35 J/mm3, there is a noticeable decrease in
relative density. It drops to values below 95 % where closed porosity cannot be guaranteed and HIP post
densification is not reasonable. The light optical microscopy images in Figure 4 b) and c) show two specimens
produced with the same energy density of 42 J/mm3, but in different building jobs. The results show two
different pore structures and analysis values. The relative density varies from 96.2 % to 99.6 % and the value
of circularity value varies from 0.81 to 0.88. The light optical microscopy images show a systematic defect
band along the building direction (Figure 4 b)) caused by an overlapping scanning strategy, an inhomogeneous
distribution of lack of fusion defects in the lower part, and gas pore defects in the upper part of the specimen
(Figure 4 c)). This irregular result proves an unstable process and is determined by influencing variables and
disturbances that have not yet been understood. The highest level of energy densities higher than 50 J/mm3
shows irregular results for the relative densities and circularity, supporting the assumption of an unstable
process.
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Fig. 4. a) Relative density and pore circularity of PBF-LB/M processed ASS+ powder; b) and c) light microscope images of specimens
produces at a volume energy density of 42 J/mm?3
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3.3. Microstructure analysis

A comparison of the microstructure including EBSD maps and etched specimen images for ASS and ASS+
specimens are shown in Figure 5.
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Fig. 5. a) EBSD mappings for ASS and ASS+ specimen; b) etched ASS specimen; c) etched ASS+ specimen; d) etched ASS+ specimen

The EBSD maps in Figure 5 a) show a 100% face centered cubic (fcc) crystal structure for both specimens.
The images in b) and c) reveal an austenitic etched microstructure for ASS and ASS+. In addition, the melt pool
structure and growth strategy can be seen for the etched specimens. Both samples show grain growth parallel
to the building direction (BD) and beyond the melt pools. The melt pools are represented by a semi-circular
structure. At a magnification of 1000, microstructure morphologies consisting of columnar dendritic and
cellular portions are present (Figure 5 d)). The columnar dendritic grains grow from their nucleation sites at
the edges to the center of the melt pools. Microstructure analysis shows no difference between ASS and ASS+
specimens and typical austenitic structures.

3.4. Nitrogen Analysis
To quantify the amount of SizsNa particles within the ASS matrix, the amount of nitrogen of all specimens is

measured. Table 2 shows the N contents for the ASS and ASS+ powders and specimens (Ev = 42 J/mm3) in
wt.%.

Table 2. N-content of ASS and ASS+ powder and specimens

ASS Powder ASS Specimen ASS+ Powder ASS+ Specimen
N-Content [wt.-%]  0.084 + 0.008 0.078 £ 0.011 0.446 £ 0.020 0.085 +0.007

The additivation results in an increase of 0.362 wt.-% of nitrogen in the powder material. During
processing, a loss of nitrogen of about 0.006 wt.-% for the ASS specimens and about 0.361 wt-% for the ASS+
specimens is observed. The loss of nitrogen within the ASS+ specimens is exactly the same value as its SisNa
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addition. This result shows a complete dissolution of SisN4 particles and outgassing of nitrogen. After the PBF-
LB/M process, there are no residual N-donator particles left in the material.

4. Conclusion

The austenitic stainless steel powder X2CrNi18-9 (ASS) was additivated with SisNs and processed via
PBF-LB/M to prepare specimens containing SisNs particles as N-donator being suitable for a HIP post
densification.

e The additivated powder shows higher relative humidity and a shift to larger particles in the particle
size distribution

e The processing window for ASS powder lies between 37 J/mm? and 50 J/mm3

e Additivation with SisN4reduces the processability significantly within the same processing parameter
range

e ASS+ specimens show a high variety in pore structure and an inhomogeneous distribution of pores

e ASS and ASS+ specimens show a typical austenitic grain structure and epitaxial grain growth over
several melt pools along the building direction

e Theintended increase of the nitrogen content by introducing SisN4 particles could not be proven

e The additional nitrogen content in the SizsN4 additivated powder corresponded to the nitrogen loss
trough the PBF-LB/M process

The additivation of SisN4 leads to worse powder properties, which results in a reduction of processability
by PBF-LB/M. The production of dense, defect free specimens competes with the increase in nitrogen content
due to undissolved SisNa particles. Further research with a shell-core approach will be performed to avoid the
N-loss in the specimens when the powder is exposed to the laser beam. The goal of this strategy is the
production of dense hulls, therefore HIP-compliant specimens with an increase in nitrogen in the core.
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