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Emerging fields of application for AM parts

= Novel fields of applications require the use of advanced materials
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Enduser requirements for AM parts °

Defect-free parts: Ensuring parts are free from structural and
surface defects.

Mechanical-physical properties: Achieving desired strength,
hardness, and other material properties.

Surface properties and tolerances: Meeting specific surface
finish and dimensional accuracy requirements.

Process stability and reproducibility: Maintaining consistent ==
quality across multiple production runs.

Transferability between LPBF machines: Ensuring parts can be
produced on different Laser Powder Bed Fusion machines
without loss of quality.

External regulations: Complying with industry standards and
regulatory requirements.

Cost efficiency: Minimizing production costs while maintaining
q ua I |ty /www.swissm4m.ch/



Alloys used in metal AM

= Up until now, only relatively few alloys for AM are available on the market (~25-30)

= A few alloys have been dominating for >15 years (SS316L, In718, Ti6Al4V, AlSi10Mg).
= Most alloys were initially developed for other processes, only a few particularly for AM
- Mainly qualification of existing alloys, less alloy development!
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Material challenges during LPBF - what can go wrong? °

= Many alloys that are of interest for novel applications (high strength Ni & Al alloys,
tool steels, Cu alloys, precious metal alloys, refractory alloys, shape memory alloys) are
notoriously difficult to process via LPBF or DED.

= AM of these alloys can result in the formation of a variety of defects, complex
microstructures and anisotropic properties

Porosity Cracks Complex microstructures &

anisotropic properties
AlMg5 - CuCrzr - Ti-Al-Nb — CM247LC— picprop

selective evaporation balling/incomplete melting brittle cracking solidification cracking Elongated grains & textures Mechanical properties




The L-PBF process - complex thermal histories °
= The L-PBF process involves multiple times remelting and rapid solidification of alloy
powder, resulting in complex thermal histories

= Advanced experimental methods and sophisticated modeling and simulation
techniques have led to an improved understanding of the AM process

Melt pool convection and temperature evolution
during LPBF in SS316L
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Potential defect mitigation strategies

Understanding of the process together with metallurgical
principals allow for the tailoring of alloys for AM

Modification of existing alloys
= to reduce/replace volatile elements (Zn, Mg etc.)
= to increase laser absorptivity
= to reduce melting/solidification range
to reduce brittleness/increase strength
to form inoculants for grain refinement during solidification

= Bottom-up design of novel alloys considering AM process
conditions

= Consider or even exploit rapid solidification
= Avoid critical elements from the beginning
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Research on alloys for AM at Empa °

= QOver the last >10 years we have optimized/developed/qualified a number of novel
alloys for AM (incl. thermal post-treatment) at Empa

= Optimization of CM247LC Ni alloy

= Optimization of high-N and Ni-free stainless steel
Optimizatio/qualification of sot-martensitic steel 1.4313 for DED
Development of novel Zr-modified 2xxx and 5xxx Al alloys
Development of novel Fe-based shape memory alloys (SMA)
Oxide dispersion strengthened (ODS) Ni alloys
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Obstacles on the way to new alloys for AM

= What hinders the development and introduction of new
alloys for AM?

= Time-consuming and costly development and qualification

Intensive search for suitable compositions, in particular for multi-
component alloys with potentially complex elemental
interdependencies

Fabrication of adequate amounts of powder with desired properties
Machine-dependent parameter optimization
Fabrication and testing of numerous coupons and test parts

Freezing a set of parameters on a particular machine (and hoping that
nothing will ever go wrong...)

= Expectations powder producers vs. enduser (part manufacturer)

Endusers expect a commitment from the powder manufacturers that
powders with the required properties are delivered at any time

Powder manufacturers expect a commitment from the endusers that a
minimum quantity will be ordered over a longer period before
developing new powders

/Picture by DALL-E/



Strategies for accelerated alloy development

= Machine learning assisted high-throughput

CALPHAD high-throughput alloy screening process in ThermoCalc
Example: development of novel eutectic HEAs

simulations: Leveraging ML for accelerated simulation
of alloy properties.

Prescreening ACALPHAD' A Screening A Selection
Identification of refractory High-throughput Screening for eutectic Proposition of
M/HEAs equilibrium calculations M/HEA+B2-NiAl alloys M/HEA+B2-NiAl alloys
* How to describe the algorithm * Can the alloy selection * What are the compositions of * What are the best
to find eutectic points with the process with ThermoCalc be eutectic NiAl-based M/HEAs compositions of eutectic,
output data from ThermoCalc? fully automated? generated by ThermoCalc? NiAl-based M/HEAS?

Example from literature
Development of eutectic HEAs
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Strategies for accelerated alloy development °

= Machine learning assisted high-throughput
simulations: Leveraging ML for accelerated simulation
of alloy properties. (a)

Si wafer

= Combinatorial metallurgy: Using multi-target
sputtering techniques to create combinatorial libraries of

alloys.

Physical mask

/Y. Li et al. Scientific Reports 6 (2016) 26950/



Strategies for accelerated alloy development °

= Machine learning assisted high-throughput
simulations: Leveraging ML for accelerated simulation
of alloy properties.

g

= Combinatorial metallurgy: Using multi-target
sputtering techniques to create combinatorial libraries of
alloys.

Intensity (a..)

= Automated high-throughput characterization:
Implementing automated characterization systems for
rapid analysis of alloy samples.

/K. Wieczerzak et al., Adv. Science 10 (2023) 2302997/



Strategies for accelerated alloy development °

Machine learning assisted high-throughput
simulations: Leveraging ML for accelerated simulation
of alloy properties.

Combinatorial metallurgy: Using multi-target
sputtering techniques to create combinatorial libraries of
alloys.

Automated high-throughput characterization:
Implementing automated characterization systems for
rapid analysis of alloy samples.

e Aysusiul

Rapid solidification/laser remelting: Laser melting or
multi-hopper DED for alloy development.

5
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Strategies for accelerated alloy development

Machine learning assisted high-throughput
simulations: Leveraging ML for accelerated simulation
of alloy properties.

Combinatorial metallurgy: Using multi-target
sputtering techniques to create combinatorial libraries of
alloys.

Automated high-throughput characterization:
Implementing automated characterization systems for
rapid analysis of alloy samples.

Rapid solidification/laser remelting: Laser melting or
multi-hopper DED for alloy development.

Small-quantity powder fabrication: Producing small
quantities of alloy powders for experimental purposes.

/www.amazemet.com/



Strategies for accelerated alloy development °

Machine learning assisted high-throughput
simulations: Leveraging ML for accelerated simulation
of alloy properties.

Col \Ima tor

Combinatorial metallurgy: Using multi-target - ,_f’ > .’.@ i o
sputtering techniques to create combinatorial libraries of i~
alloys.

Automated high-throughput characterization:
Implementing automated characterization systems for
rapid analysis of alloy samples.

Rapid solidification/laser remelting: Laser melting or
multi-hopper DED for alloy development.

Small-quantity powder fabrication: Producing small

quantities of alloy powders for experimental purposes. }f amwors Lolo)
Automated AM parameter optimization: Using in situ local fiters , 2*; 7 o
and real-time monitoring in combination with ML for T l |
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Conclusions °

= The full potential of AM for novel, advanced applications can only be exploited if
materials that fulfill the end-user's requirements and consider the AM process
conditions are available

= Despite a significantly improved understanding of the AM processes, the
introduction of new materials for AM is progressing slowly

= Novel alloy design strategies utilizing high-throughput simulations, sophisticated
experiments, and machine learning enable the accelerated development of novel
alloys for AM
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