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Metal additive manufacturing is being used more frequently to manufacture parts with
high complexity, whilst having less materials wastage. For powder-based additive
manufacturing processes, high quality spherical powder particles are required. Due to the
high costs of Platinum Group Metals (PGM) alloys, their powder production has not been
studied as extensively as other alloy systems. PGM alloys have industrial applications in
addition to jewellery, including in catalysts, glass manufacturing and aerospace. Platinum
based superalloys have been designed which can outperform nickel based superalloys,
especially at very high temperatures. One such a superalloy is Pt84-Al11-Cr3-Ru2 (at.%).
The platinum based superalloys are relatively difficult to cast and have limited formability,
which allows powder metallurgy as a potential production route. In this work, 10g of Pt84-
Al11-Cr3-Ru? alloy powder was manufactured by using elemental powders of the alloying
elements. Plasma melting, followed by ultrasonic atomisation was used to produce the
powder. The powder was characterised for morphology, particle size distribution and
chemical composition, using Scanning Electron Microscopy and Energy Dispersive
Spectroscopy. Spherical platinum based superalloy powder particles were successfully
produced using ultrasonic atomisation, although optimisation to reduce aluminium losses
and formation of large particles is required.
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INTRODUCTION

Nickel-based superalloys are well known for applications in high temperature environments, such as
in aerospace applications (Sims et al. 1987). These alloys rely on the NisAl intermetallic compounds as
the main strengthening phase (Sims et al. 1987)). In spite of the higher cost and density of platinum
compared with nickel, there has been interest in developing platinum-based superalloys that can
operate at higher temperatures than the nickel-based superalloys (Wolf and Hill, 2000; Cornish et al.
2007; Hu et al. 2021;). The advantages are that the Pt-based alloys have better high-temperature
mechanical properties and resistance to high-temperature oxidation and hot corrosion. The Pt-Al-Cr-
Ru system has been identified as being one of the most promising for high temperature applications
(Cornish et al. 2007; Hu et al. 2021). The aluminium-containing alloys have excellent oxidation resistance
due to the formation of an aluminium oxide-based protective film on the surface. Alloying with
aluminium also leads to the formation of the strengthening Pt3Al intermetallic in the (Pt) matrix that
results in a two-phase alloy Chromium additions gave good mechanical properties by stabilising the
desired L1, cubic form of Pt;Al. Ruthenium increased the volume fraction of the strengthening
precipitates, as well as improving the strength of the matrix phase by solid solution strengthening. After
research work on a number of different samples, the composition was optimised as Pt84-Al11-Cr3-Ru2
(at.%), which gave the best microstructure (Cornish et al. 2007).
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In recent review papers (Cornish, 2022; Hu et al. 2021), it was argued that these Pt-based superalloy
systems need to be researched in more detail. Even though Pt-based superalloy systems have been
developed more than 20 years ago, the ultimate aim is to develop applications in industrial fields such
as gas turbine engines. To justify the higher cost, platinum-based alloys can be used at temperatures
200°C higher than for nickel based superalloys. Powder metallurgy products and coatings are also
viable applications. However, there has been little research on the influence of manufacturing processes
on mechanical properties of these alloys. New advances in atomisation technologies and metal additive
manufacturing have provided new possibilities for utilisation of these alloys in extreme high
temperature environments (Hu et al. 2021). Additive manufacturing allows for cheaper manufacturing
of Platinum Group Metals (PGMs) in comparison with conventional methods. Since PGMs are costly,
additive manufacturing is more beneficial than subtractive manufacturing. Production is more efficient
due to less materials wastage and therefore environmentally friendly (Heinrich et al. 2021).

Although additive manufacturing of PGMs has been used successfully in the jewellery industry
(Ferraro-Cuda, 2020), there is much interest in producing parts for industrial components. SmarTech
Analysis (2018) compiled a report on “Markets for Precious Metals in Additive Manufacturing: 2018 -
2028,” in which the increasing importance of platinum beyond use in jewellery is predicted. It is
anticipated that the total precious metals for additive manufacturing market will be worth near $2
billion by 2028 and platinum is expected to be just behind gold in terms of total revenue generation by
then. There will thus be opportunities, particularly as it continues to grow material applications beyond
jewellery and watchmaking. A recent example of an industrial application is the 3D printing of tip plates
for bushings used in the extrusion of glass fibers using a Pt-Rh alloy (Molitch-Hou, 2020). The Pt-Rh
alloys are solid solution alloys and are used widely in high temperature environments such as glass
manufacturing and in thermocouples. The high price of Rh has become a concern and alternative alloys
are of interest (Cornish et al. 2007). The aim of this study was to manufacture and characterise Pt-Al-Cr-
Ru superalloy powders. Even though this alloy system has been known for many years (Stiss et al. 2001)
previous powder metallurgical processing using water atomisation and mechanical alloying was not
entirely successful with oxidation of the aluminium occurring (Mwamba et al. 2009). In this work,
ultrasonic atomisation was used and the powders are characterised for potential use as feedstock for
additive manufacturing methods. Ultrasonic atomisation equipment uses high-intensity ultrasonic
vibration to eject tiny droplets of molten metal which solidify to form spherical powder. Materials can
be melted using either induction or with a plasma arc, depending on the melting point. Increasing the
ultrasonic frequency results in a decrease in powder particle sizes (AMAZEMET; Zrodowski et al. 2021).

Experimental Procedure

Elemental powders of pure Pt, Al, Cr and Ru were mixed in a ratio to achieve a composition of Pt84-
Al11-Cr3-Ru2 (at.%). The total mass of the combined powders was only 10g, due to the high costs of the
PGMs. The powders were blended for 30 minutes using a WAB T2C Turbula Mixer, followed by
compaction using an Instron 1175 with maximum load of 70 kN and cross-head speed of 20 mm/min.
Ultrasonic atomisation was done using an AMAZEMET rePowder system (AMAZEMET; Zrodowski et
al. 2021). The powder was atomised using a 40 kHz frequency, and a molybdenum alloy sonotrode. It
is known that powder manufactured using 40 kHz frequency ensures a narrow particle size distribution
(PSD) range and produces powder with dso = 45-60 pm, which is most suitable for Laser Powder Bed
Fusion (L-PBF) processes (Zrodowski et al. 2021). The amplitude of the ultrasonic was set at 150% and
the TIG torch at 300 A current. The whole process was carried out in an argon atmosphere. Before filling
the processing chamber with inert gas, the whole system was purged three times by introducing
vacuum and Ar (5) at the final stage. Before the processing of the Pt-based alloy, a titanium part was
heated to pick up any residual oxygen. Due to the small quantity of material, only one experiment could
be performed and there was no opportunity for process optimisation. The powders were characterised
using a Carl Zeiss Sigma FEG-SEM scanning electron microscope, coupled with energy dispersive
spectroscopy (EDS). Some of the powder particles were mounted in a resin and polished to a 1 um finish
to study cross sections of the powder particles. The Particle Size Distribution (PSD) was determined
using Malvern Mastersizer 3000E. The sample size was small and only two runs could be performed.

366



Results and Discussion

Secondary Electron Images of the powder are shown in Figure 1 at low magnification (Figure 1(a)) and
high magnification (Figure 1(b)). The powders were spherical with a low number of fine satellite
particles. Spherical powder particles are required for 3D printing processes such as L-PBF (Zrodowski
et al. 2021).
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Fiqure 1. SEM Secondary Electron images of ultrasonically atomised Pt-Al-Cr-Ru alloy powder at (a) low
magnification and (b) high magnification

Elemental X-ray maps of cross sections of a few powder particles are shown in Figure 2(a) and within a
single powder particle in Figure 2(b). Some fine porosity can be observed in Figure 2, even though this
was not observed in all particles. From Figure 2(a) it can be seen that alloying had taken place during
atomisation, with Al, Cr and Ru distributed relatively homogenously within the Pt-based powder
particles.
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Fiqure 2. Elemental X-ray maps of cross sections of (a) a few powder particles and (b) within a single powder
particle

From Figure 2(b), which is within an individual powder particle, microsegregation due to dendritic
solidification is shown. This is confirmed by the results of the 26 points line scan, shown in Figure 3.
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Figure 3: Line scan of 26 points within a powder particle, showing the elemental distribution of Al, Cr and Ru
contents (wt%)

Figure 3 shows that when the Al content was high then the corresponding Ru and Cr contents were low
and vice versa, in agreement of the results shown in Fig. 2(b) This alloy was designed to be a two-phase
alloy with PtsAl precipitates in the (Pt) matrix (Cornish et al. 2007). From Figure 2(b) and Figure 3 it is
evident that the Cr and Ru are concentrated in the (Pt) matrix. The powder particles were analysed in
the as-atomised condition without any post-heat treatments and the high cooling rates from atomisation
could have resulted in high solid solution retention with minimal precipitation. In addition to the 26
point line scan, area scans (shown by the yellow rectangle in Figure 4 as an example) were performed
within cross sections of 19 different spherical powder particles. In future work, smaller rectangles will
be used to decrease the underlying volume of interaction to achieve more accurate results. The average
results of the chemical compositions from the line scan and the area scans are compared with the
targeted composition of the alloy in Table L.
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Fiqure 4. SEM Secondary Electron Image of an area scan within a powder particle

Table I. Chemical compositions obtained using SEM-EDS (in at.% and wt% * standard deviation) for targeted
alloy, average of line scan and average of area scans of the Pt-based superalloy

Al Cr Ru

at. % wt% at. % wt% at. % wt%
Targeted 11.0 1.7 3.0 0.9 2.0 1.2
Line Scan 9.7+32 1.5+0.5 26+1.0 0.8+0.3 1.8+0.8 1.1+05
Area Scans 85+3.2 1.3+0.5 29+1.0 09+0.3 23+ 0.7 14+04

The measured compositions were relatively close to the targeted composition. Some loss of Al might
have occurred, which is to be expected due to its low melting point and higher volatility (Blacha and
Labaj, 2012). This can be addressed by either increasing the Al content of the raw material or by

atomisation process optimisation.
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Fiqure 5. Particle Size Distribution of the powders

An example of a PSD measurement is shown in Figure 5 and a bimodal size distribution is observed,
even though there is also a very small, wide peak at particles sizes (< 10 pm). The first large peak is
representative of the images as shown in Figure 1 and is typical for the frequency of 40 kHz that was
employed (AMAZEMET; Zrodowski et al. 2021). The second large peak is most likely due to two
different processes namely spattering of liquid material that was ejected from the arc, as well as
splintering of the solid feedstock material, as shown in Figure 6. The “spattered” particles are
characterised by relatively smooth surfaces, whereas “splintered” particles are irregular shaped after
fracturing from the compact before melting could occur. Due to the low quantity of material that was
atomised and that only one attempt could be made, it did not allow to perform optimisation of process
parameters to reduce the number of these large particles.

Fiqure 6. SEM Secondary Electron Image showing the larger particles that are responsible for the second peak in
the bimodal size distribution, as well as the smaller particles
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The PSD results are summarised in Table II, showing a Dsy value of 54.2 pm which is suitable for L-PBF
processes (Zrodowski et al. 2021).

Table 1. Summary of the PSD results for the ultrasonically atomised Pt-based alloy

Dv (10) 23.0 pm

Dv (50) 54.2 pm

Dv (90) 475 pm
CONCLUSIONS

e Ten grams in total of blended and compacted elemental powders of Pt, Al, Cr and Ru were
ultrasonically atomised, with promising results, even though the parameters were not
optimised.

e The targeted composition of Pt84-Al11-Cr3-Ru2 (at.%) was nearly achieved, but with some
losses of Al due to vaporisation.

e The PSD showed a bimodal distribution. Most of the powder particles were spherical with a
relatively narrow first peak. However, some large particles were formed by spattering of liquid
material and splintering from the solid feedstock material.

RECOMMENDATIONS

e Different ultrasonic frequencies must be compared to achieve various PSD that would be
suitable for different additive manufacturing processes, such as powder bed fusion and metal
binder jetting.

¢ Once optimisation of atomisation parameters can be achieved and larger quantities of powder
can be produced, additive manufacturing of an industrial component for high temperatures
applications should be done.
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