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Title : Predicting Powder Spreadability To Improve Layer Quality In Powder Bed Processes 

Keyword(s) : 

Powder Bed Fusion, Spreadability, Powder Rheology, Cohesive Index 

Abstract : 

A good powder spreadability is essential in powder bed-based processes to ensure the production of smooth and 

homogeneous layers during recoating. However, the evaluation of the spreadability inside the printer requires a 

sufficiently large batch to fill the machine and is a very time-consuming process, especially the cleaning of the 

machine. Therefore, having a simple way to predict the spreadability beforehand should drastically reduce the cost 

at the powder selection stage. In this study, we show that a good correlation is found between the Cohesive Index 

metric evaluated in a rotating drum and the quality of the layer deposited in a SLM printer (SLM280, SLM Solutions). 

A wide range of metal powders of different materials and particle sizes have been characterized in the rotating 

drum. In addition, layers have been produced in the printer and analyzed with an image processing algorithm to 

obtain a measure of the spreadability. 

Innovative Aspect(s) : 

In this paper, we use a state of the art characterization method to evaluate the powder cohesiveness in a dynamic 

regime, close to the one seen by the material during recoating operations. We show that the results can be 

correlated with the spreadability evaluated in the printer. This should provide a cost effective method to select the 

best material properties beforehand to optimise the layers quality. 
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Title : Influence Of Surface Modification Of Powders By Fluidized Bed On The 

Microstructure And Properties Of Parts Produced By Selective Laser Melting 

Keyword(s) : 

SLM, Powders Modified, Fluidised Bed, Scalable Process 

Abstract : 

The improvement of beam-based additive manufacturing processes, such as selective Laser Melting (SLM) is 

currently generating industrial and scientific momentum because of the great advantages it offers in terms of design, 

flexibility, and efficiency. Although SLM is widely studied, it has certain disadvantages in part due to the limited 

availability of raw metal or metal-ceramic powders used, prone to processing issues like microstructural defect and 

low reproducibility. To partly address these challenges, in this work, powders were surface modified using a fluidised 

bed to improve the characteristics and processability and adapt them to the SLM using a scalable process. The 

modified powders were characterized by different techniques and the influence of the surface modification on their 

processability was analysed. In addition, the effect of printing parameters was investigated.  Finally, the 

microstructure, density and certain mechanical properties of parts obtained by SLM using the modified powders 

were studied. 

Innovative Aspect(s) : 

Application of an innovative fluidized bed surface modification to raw metal or metal-ceramic powders for SLM, 

aiming to improve material characteristics and processability; A scalable approach, ensuring the application to an 

industrial level for practical implementation of surface modification of powders for direct beam-based additive 

manufacturing processes. 
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Title : Development Of A Method For Quality Control And Reprocessing Of Metal Powders 

In Metal Binder Jetting 

Keyword(s) : 

Metal Binder Jetting, Powder Quality 

Abstract : 

The metal binder jetting (MBJ) process is a powder bed-based Additive Manufacturing (AM) process, which is 

attracting growing interest. In this process, a liquid binder deposited by a print head bonds the powder particles to 

create green parts. For a reliable metal binder jetting process, the metal powder must have high quality. The 

morphology and particle size distribution have a major influence on the flowability and sinterability of the material. 

In this work, the aging process is observed particularly with regard to the slightly disappearing fine fraction during 

the process. A practical method is presented to reliably detect the ageing process of the powder. In addition, a 

method is developed to stop or curb ageing to support constant printing conditions . The experiments are 

conducted using 17-4PH stainless steel. Several properties of powders and parts are analysed such as particle size 

distribution, green part density, powder bed density and dimensional tolerances. 

Innovative Aspect(s) : 

The key innovation lies in addressing the aging process of metal powders used in MBJ, particularly the gradual 

disappearance of fine fractions during printing. The study introduces a practical method to reliably detect this aging 

phenomenon, crucial for maintaining consistent printing conditions. Additionally, a novel method is developed to 

either halt or mitigate the aging process, ensuring ongoing stability in the printing environment.  By enhancing the 

understanding and control of powder aging in MBJ, this research contributes to improving the quality and reliability 

of the metal binder jetting process, facilitating advancements in additive manufacturing technology. 
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Title : Study Of The Influence Of The Porosity Of Stellite 6 Powder On The Microstructure 

And Wear Properties Of Coatings Proceddes By Laser Cladding Technology 

Keyword(s) : 

Laser Cladding, Porosity, Stellite 6, Manufacture Powder Metal, Wear Properties 

Abstract : 

In the context of large-scale part manufacturing with laser cladding technology, the quality of the raw material 

conditions the quality of the coatings produced with this technology. However, the relationship between the quality 

of the metal powder and the final properties of the manufactured parts has been poorly studied. As a response to 

such shortcoming, in this paper, we study the influence of the porosity of Stellite 6 powder on the microstructure 

and wear properties of laser cladding coatings. We compare two batches from different suppliers with a noticeable 

difference in the porosity levels. We manufactured 3 prisms with each batch under the same processing conditions. 

The results of our experiments show that powder with higher porosity level generates coatings with higher porosity 

levels influencing the microstructure and wear properties of the final part. These results also highlight the need for 

common quality standards on the powder feedstock. 

Innovative Aspect(s) : 

One of the variables that affect the quality of a manufactured part is the raw material. In the laser cladding process, 

the current studies of the powder metal feedstock analyze factors, such as porosity, particle size distribution, 

particle morphology, and rheological properties. However, there is not much information about the influence that 

these variables have on the final part.  In this study, we establish a relationship between the porosity of Stellite 6 

powder, and (i) the wear properties and (ii) porosity of the parts manufactured via laser cladding. We analyze two 

batches of Stellite 6 powder from different suppliers. We measure and compare their significant characteristics. We 

manufacture 3 prisms of dimensions 40mm x 50mm x 11mm with each batch us ing the same processing conditions. 

We compare the microstructure and wear properties of these parts, thus relating the characteristics of the metal 

powder with the final characteristics of the parts. 
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Title : Recycling Of 316 L Powder And Scrap From Additive Manufacturing Processing 

Keyword(s) : 

316 L Powder, Scrap, Melting, Induction Furnace, Atomization, PBF-LB, Additive Manufacturing 

Abstract : 

This study focuses on advancing the sustainability of powder-based metal additive manufacturing (AM), with focus 

on powder bed fusion – laser beam (PBF-LB). As a result of numerous reuse cycles during PBF-LB, powder 

degradation occurs due to the spatter accumulation and hence increase in bulk oxygen content. Hence, heavily 

recycled 316L powder and scrap material from PBF-LB processing (support structures, failed components, etc.) 

were re-melted, followed by detailed SEM+EDX characterization of the ingots. High-pressure gas atomization trials 

for 316L material were performed at Swerim AB. Powder produced was sieved to PBF-LB size fraction (15-45 µm) 

and has a total oxygen content of 234 ppm, characterized by excellent processability by PBF-LB. Subsequent 

examination of powder and component characteristics before and after re-atomization was performed to evaluate 

change in powder characteristics and properties of as-build material for reused and recycled powders. Results 

indicate high potential for powder recycling in case of 316L. 

Innovative Aspect(s) : 

Here are the innovative aspects highlighted in the study:  Potentially offering economic benefits by reducing the 

dependency on new powder production and minimizing material waste. Evaluating the characteristics of both the 

powder and the as-built components before and after re-atomization.Providing insights into changes in powder 

properties and the resulting material properties when using recycled and re-atomized powders. Detailed SEM+EDX 

(Scanning Electron Microscopy + Energy-Dispersive X-ray Spectroscopy) characterization of the re-melted ingots 

to provide a comprehensive understanding of the material inclusions and its elemental composition. 
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Title : Effect Of Powder Variability (batch Variability, Reuse And Storage) In A Laser 

Powder Bed Fusion Process 

Keyword(s) : 

Additive Manufacturing, Laser Powder Bed Fusion, Powder Effect, Variability, Reuse, Storage 

Abstract : 

Powder characteristics in a laser powder bed fusion (LPBF) process have a major impact on the quality of the parts 

produced. An in-depth study of the effect of powder properties on the characteristics of LPBF-densified materials 

was done on two alloys (titanium and aluminum). Both powders were processed from a wide range of conditions 

in order to determine their induced effects: fresh powder with batch variability at specification thresholds 

(composition), powder after multiple reuses according to industrial practices and powder after two years of storage. 

Regardless of the studied configuration, the powders and the LPBF-densified materials were subjected to physical, 

chemical, microstructural and mechanical analyses. The study of the significant effects of the powder characteristics 

on their use in LPBF process and on the properties of the printed parts led to define recommendations for the 

supply, reuse and management of storage with the aim of optimizing production costs. 

Innovative Aspect(s) : 

We propose in this work a very complete experimental campaign whose result is the understanding of the effect 

of a powder on the LPBF process from the whole spectrum of powder types that can be found: fresh powder, 

reused powder and stored powder in industrial conditions. For each of these configurations, the same initial batch 

of powder is used and the manufacturing is similar for rigorous type-to-type comparison. The comparison is 

systematic since it is based on the same characterizations (physical, chemical, microstructural, roughness and 

mechanical). The results give a comprehensive overview of the significant powder parameters on the LPBF process. 

The conclusions give a necessary perspective of the levers available to optimize production costs, which wi ll 

contribute to make the additive manufacturing industry competitive. 
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Title : Surface Chemistry Assessment Of Aluminum-Based Alloy Powders Through 

Triboelectric Charging 

Keyword(s) : 

Triboelectric Charging, Powder Characterization, Surface Chemistry 

Abstract : 

In powder bed additive manufacturing processes, factors like moisture, oxidation, and surface contamination can 

impact powder cohesion, leading to flow behavior degradation and ultimately part quality -related issues. 

Unfortunately, most of the existing powder characterization tools are either time-consuming|expensive to run or 

lack the required sensitivity to precisely assess variations in powder surface conditions. Triboelectric charging, a 

phenomenon resulting from the contact and separation of materials, has recently gained attention as a method 

allowing differentiation of powder surface composition. Several powder characteristics including particle size, 

morphology, and surface composition highly influence triboelectric charging. The focus of this presen tation is to 

highlight the effect of surface chemistry on the triboelectric charging behavior of various aluminum alloy powders. 

This presentation will show the links between tribocharging response of various powders and their X -ray 

photoelectron spectroscopy (XPS) signature, to demonstrate how tribocharging can be used as a quick method to 

characterize powder surfaces. 

Innovative Aspect(s) : 

This work applies triboelectric charging as a rapid and sensitive method for characterizing the surface chemistry of 

aluminum alloy powders. Unlike traditional time-consuming|expensive techniques, triboelectric charging offers a 

quick assessment of powder surface conditions. The presentation establishes correlations between triboelectric 

charging responses and surface properties of aluminum-based powders, providing a scientifically validated link 

between surface chemistry and triboelectric behavior. 
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Title : Investigating The Influence Of Powder Recycling On Microstructural Characteristics 

And Mechanical Performance Of Additively Manufactured 316L Stainless Steel 

Keyword(s) : 

Reused Powder, Delta Ferrite, Mechanical Performance, Oxide Particles, Austenite 

Abstract : 

Reusing powders in laser powder bed fusion (LPBF) is critical for minimizing powder consumption, production 

costs, and time. Understanding how feedstock properties change with reuse and their impact on build mechanical 

performance is crucial. In this study, 316L stainless steel powder undergoes 10 reuses. Results reveal that recycled 

powder contains more satellite and (Si, Mn)-based oxides on particle surfaces. Oxygen pickup is inevitable during 

solidification in the chamber atmosphere. Some reused particles exhibit a single-crystal ferrite-like structure due to 

rapid solidification of small spatter droplets. As-received powder is mostly austenitic, while recycled powder has 

considerable delta ferrite. Pushing oxides to melt pool bottoms during printing of reused powders creates ferritic 

zones at pool borders. Mechanical strength in samples printed with recycled powder is comparable to those with 

virgin powders, with a slight elongation decrease attributed to the weak oxide-matrix interface. 

Innovative Aspect(s) : 

Comprehensive Characterization of Virgin and Recycled Powders through SEM and EBSD Analysis.In -depth Analysis 

of the Microstructures in Printed Samples Utilizing Virgin and Recycled Powders, Employing XRD and Microscopy 

Investigations.Investigation of the Correlation Between Microstructural Evolutions and Mechanical Performance in 

the Examined Samples. 
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Title : A Dynamic Reusability Strategy Using Track Record Of Process And Powder Identity 

To Enhance Resource Efficiency Of Powder Bed AM 

Keyword(s) : 

Powder Reusability, Powder Characterisation, Laser Powder Bed Fusion, Resource Efficiency 

Abstract : 

This study is a part of a research project (SMART-APP) with the aim of creating a market-ready material 

management solution to enable laser powder bed fusion (L-PBF) to be used more resource efficiently. SMART-APP 

proposes a reusability strategy using a physical model based on the material-to-process analysis integrated with an 

artificial intelligence platform. This research focuses on the physical model to determine powder aging and re-

processability. The model uses characterisation inputs of virgin powder to predict the product performance.  A 

new methodology correlating morphology and flowability was first introduced at Euro PM 2023 (the Morflow 

index). A more advanced correlation is developed through a set of similar indices (Morflow 2.0). The lab -scale 

model was implemented on a large scale to examine its applicability for common alloys and then adjusted to account 

for costing parameters. This upgraded methodology provides L-PBF users with a powder aging matrix and a 

reusability plan. 

Innovative Aspect(s) : 

Materials efficiency and resource management is a development gap within the AM industry. To enhance 

sustainability, monitoring the powder quality in each reuse cycle is of high importance. This work is linked to a core 

research project (SMART-APP) to implement a versatile and commercial artificial intelligence (AI) platform that 

provides the L-PBF users with a reusability strategy. The AI platform will be a smart predictive tool based on 

scientific studies to predict powder performance and reusability (The Morflow index presented at World PM 2022 

and Euro MAT 2023, and Euro PM 2023). In this series of works, the developed methodology was advanced to 

include more critical physical and chemical parameters. The predictive tool for powder performance was then 

validated by mechanical properties of the final products and a reuse strategy was proposed. In a further 

development, lifecycle assessment factors and powder costing parameters are added to the predictive tool. 
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Keyword(s) : 
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Abstract : 

Concerns remain regarding the health implications of handling fine metal powders. Existing regulations such as 

occupational exposure limits, are too blunt and does not guarantee safety in working environments.To understand 

the health impact better, airborne particles were captured in several workshops. Most 0-10µm powder particles 

are typically removed from as-atomized powders before being sold as L-PBF powders. Still, we found airborne 0-

10µm powder particles in all workshops, which are considered respirab le.For cytotoxicity tests, we extracted 0-

10µm powder particles from L-PBF powders, using an AC1000G screenless air classifier from Blue Power. No 

cytotoxicity was noted. Furthermore, their size and physio-chemical characteristics were correlated with metal 

release in artificial lysosomal fluid. Results revealed a notable difference between the whole L-PBF fraction and 

extracted 0-10 µm particles.Finally, new recommendations for working with powdered materials will be outlined. 

This includes relevant health checkups, as well as minimizing emissions at their source. 

Innovative Aspect(s) : 

Powder-based metal additive manufacturing has reached considerable maturity. However, the industrial 

implementation remains limited. One factor expressed by several industries is the concerns regarding the health 

and safety implementation of powder-based AM workspace where powdered metals have not been previously 

handled.In this study, carried out with 24 Swedish companies, these health and safety implications have been 

thoroughly addressed, on a larger scale than previously, to get an important insight into which materials and in 

which form these materials could be harmful. 
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Title : Powder Emissivity And Its Correlation With The Quality Of Printed Parts In Metal 

Binder Jetting 

Keyword(s) : 

Metal Binder Jetting, Powder Emissivity, Powder Bed Temperature 

Abstract : 

Metal Binder Jetting has become an established manufacturing process for serial production in recent years. 

Therefore, it is crucial to ensure the repeatability and qualification of the process for different materials. An infrared 

lamp is used to warm the powder bed during the process, causing the solvent in the binder to evaporate. The 

temperature of the lamp is controlled by an infrared sensor. To accurately measure the temperature of a powder 

bed, and thus being able to ensure proper process control, it is necessary to know the emissivity value of the metal 

powder. This study determined the emissivity value for various powders and compared the properties of green 

parts, printed with the correct emissivity to those printed without prior determination. 

Innovative Aspect(s) : 
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Title : Changes In Powder Surface Chemistry During Reuse Of 316L In Powder Bed Fusion 
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Keyword(s) : 

Powder Degradation, Surface Chemistry, Oxide Layer Thickness, Powder Reuse, PBF-LB, 316L 

Abstract : 

Powder degradation during additive manufacturing poses a significant challenge to achieving optimal part quality as 

well as maximal powder feedstock utilization and hence economy and sustainability of the process. Stainless steel 

316L is a widely utilized material in powder bed fusion – laser beam (PBF-LB) due to its excellent processability, 

good corrosion resistance and mechanical properties of the PBF-LB processed components. This study investigates 

the influence of 316L powder properties and powder reuse on the powder surface oxide chemistry and hence 

processability by PBF-LB. Changes in powder surface chemistry were studied by HR SEM and X-ray Photoelectron 

Spectroscopy in virgin and reused state. Results indicate that there is evident degradation in powder properties 

during powder re-use with increase in oxygen content in the powder, connected to increase in iron-base surface 

oxide layer as well as Cr-reach particulate oxide phases. 

Innovative Aspect(s) : 

Aid in optimization of 316L powder feedstock utilization, one of the most commonly used materials in PBF-LB. 

Pushing the boundaries of reuse will create oportunities for a more sustainable and cost firendly process. 
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Title : Production Of High Silicon Aluminium Powders With Tailored CTE 

Keyword(s) : 

Hypereutectic AlSi Powders, Alloy Design, Powder Characterization, Processability 

Abstract : 

In recent years, Laser Powder Bed Fusion (L-PBF) has emerged as a promising alternative manufacturing technique 

for hypereutectic Al-Si alloys. Aluminium alloys containing high silicon are of special importance in terms of thermal 

management applications owing to their low density, high thermal conductivity and tailorable coefficient of thermal 

expansion (CTE). In this work an alloy design, backed by thermodynamic simulation to determine the effect of 

alloying elements on CTE and phase stability, was carried out with the aim of reaching a CTE value compatible with 

that of the standard Ni plating. Following the results of simulation, hypereutectic AlSi powders were produced by 

gas atomizing. Powders were characterized in terms of microstructure (by SEM, EDX, and XRD), granulometry, 

rheology and laser absorbance by UV-Vis-NIR. Powders were then processed with conventional L-PBF system. 

Innovative Aspect(s) : 

The alloy design of a Al-based powder system with targeted properties in terms of thermal expansion; The 

development of proper gas atomization to achieve spherical powder with proper particle size distribution for the 

target AM processes and high production yield; The characterization of the powder by the evaluation of the laser 

absorbance by means of UV-Vis-NIR 
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Title : Comparative Study Of Water-Atomized And Gas-Atomized Powders For Metal 

Binder Jetting: Pre-Tests And Feasibility Analysis 

Keyword(s) : 

Metal Binder Jetting, Water Atomized Powder, Gas Atomized Powder, Wahburn Method, Initial Wetting, Cost 

Effectiveness 

Abstract : 

This study compares water-atomized powders and gas-atomized powders in Metal Binder Jetting (MBJ) while also 

exploring the potential use of water-atomized powders, which are more cost-effective. Previous research has 

already investigated this topic to some extent. However, this study shifts the focus towards pre-tests, where the 

properties of the powders, including binder saturation (using the Washburn method) and initial wetting, are 

examined to determine their suitability for binder jetting. Additionally, the study aims to generate further knowledge 

regarding the potential viability of water-atomized powders for MBJ. Through a combination of pre-tests and actual 

printing, the selected powders are evaluated to provide insights into the feasibility and optim ization of the MBJ 

process. 

Innovative Aspect(s) : 

The innovative aspect of this paper lies in the potential of the pre-tests to provide a new approach for making the 

comparison between water-atomized and gas-atomized powders in Metal Binder Jetting (MBJ) more meaningful. 

Overall, this study contributes to the field by providing a comprehensive analysis, exploring cost-effective powders, 

and offering insights for improving the Metal Binder Jetting process. 
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Title : Lead Sulfide Nanoparticles (Pbs): Preparation And Characterization 

Keyword(s) : 

Sensor Devices Applications, Nanomaterials, Synthesis, Characterization 

Abstract : 

PbS is a semiconductor and semiconductor nanoparticles have been shown to be promising in applications such as 

microelectronics, optoelectronics and optics, and can be also useful in electroluminescent devices such as light -

emitting diodes. When the crystal sizes are smaller than the Bohr radius, the exciton becomes confined in all three 

spatial directions, a phenomenon called the quantum confinement, becoming an interesting system to study this 

effect, since optical and electronic properties of materials are size dependent of the particles [1]. The use of an 

aqueous synthesis in 2-mercaptoethanol is an alternative to standard synthesis, which uses Oleic Acid (OA). In this 

work, the synthesis route for the production of PbS nanoparticles was evaluated through characterization by 

Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM) to investigate the distribution, 

morphology and size of the nanoparticles, as well as X-ray Diffraction (XRD) to confirm that the phase formed 

(PbS). 

Innovative Aspect(s) : 

The present work is innovative since it has used a alternative route for PbS nanoparticle synthesis and also, the 

focus of the material characterization is the control of the product aspect for sensoring applications. 
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Title : Impact Of WC Addition And High-energy Milling Time On The Properties Of Cu-

WC Composite Powders 

Keyword(s) : 

High Energy Milling, Cu-WC Composites, Copper Powder Hardening, Powder Microhardness 

Abstract : 

Composites formed by a copper matrix, reinforced by a ceramic and refractory material, stand out due to their 

relevance in electrical conductor applications. In this context, this study investigated the hardening of copper 

powder with the addition of different concentrations of tungsten carbide (5, 10, 15 and 20% by weight) prepared 

by high-energy milling (HEM) for 1, 2, 5, 10 and 20 hours. The powders were characterized by SEM, XRD and 

Vickers microhardness. The results showed that the milling method was efficient for obtaining Cu-WC composites, 

with strong bonds between the phases. The diffractograms showed characteristic copper and tungsten carbide 

peaks, with no secondary phases. The Vickers microhardness value is directly related to the amount of WC and 

the milling time, consequently, the 20% WC composite powder milled for 20 hours had a hardness of 250.50 HV, 

exceeding the values of the other powders. 

Innovative Aspect(s) : 

The innovation of this study is to analyze the production of Cu-WC composite material, with varying concentrations 

of WC reinforcement and different high-energy milling times. Vickers Microhardness testing is conducted on the 

composite powders to analyze the effect of WC content and milling time on the material's hardness. The resulting 

composites exhibit excellent thermal and electrical properties, along with robust resistance to mechanical wear, 

making them highly suitable for using in the electrical contact industry. Potential applications include switches, circuit 

breakers, electric motors, and power distribution systems. In manufacturing context, studies obtaining and 

characterizing composite powders are crucial to define and structure the processing stages, with the end goal of 

determining the ideal composition and best milling times. The ultimate objective is to obtain a material that not only 

has high electrical conductivity but also high mechanical resistance, thereby rendering its application in electrical 

systems feasible. 
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Co-author(s) : Dr Ing Bures Radovan (Institute of Materials Research of Slovak Academy of Sciences, Slovakia); 

Dipl-Ing Faberova Maria (Institute of Materials Research of Slovak Academy of Sciences, Slovakia); Dr Bircakova 
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(Institute of Materials Research of Slovak Academy of Sciences, Slovakia) 

Title : Geometric Microstructural And Functional Properties Of Mechanically Modified 

FeSiAl Soft Magnetic Powders 

Keyword(s) : 

Soft Magnetic Composites, Ball Milling, Resonant Acoustic Mixing, Spherical And Flaky Ferromagnetic Particles, 

Compressibility, Electromagnetic Properties 

Abstract : 

Soft magnetic composites are materials based on ferromagnetic particles surrounded by secondary electrical 

insulating components. The geometric size&shape of the ferromagnetic particles are crucial for the functional 

properties of consolidated SMC materials. Modern electronic and engineering applications create pressure for the 

development of materials applicable at increasingly higher frequencies of alternating magnetization. An increase in 

the frequency stability of the magnetic properties can be achieved by reducing the size of the ferromagnetic particles 

and|or by increasing the thickness of the electrical insulation layer. In any case, permeability and magnetic flux 

density decrease. The subject of this research is the preparation of FeSiAl particles realized by several methods of 

resonant acoustic and ball milling. Spherical and flake-like ferromagnetic particles with different distributions of Si 

and Al were prepared. Coercivity and permeability as well as changes in density and compressibility were studied 

depending on the structural and geometrical characteristics of the powders. 

Innovative Aspect(s) : 

The mechanical modification of powder particles, in which, in addition to a change in shape and size, also a 

purposefully heterogeneous distribution of elements occurs, provides great possibilities for the preparation of 

magnetically soft powder particles. Si and Al increase the resistivity of the Fe surface parts. The gradient structure 

of the particles has the potential to increase the resistivity with a not too dramatic decrease in permeability as 

opposed to simply increasing the thickness of the electro-insulating layer. Optimizing the geometric shape and 

distribution of resistivity-enhancing elements can partially preserve the formability and compressibility of the alloy. 

Methods of resonant acoustic milling and oscillating-planetary milling were compared from the viewpoint of 

effectivity to achieve the required size, shape and chemical composition of FeSiAl particles as well as magnetic 

properties of mechanically modified materials for fabrication of SMC for high-frequency applications. 
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Title : Recycling And Reconditioning Of Additive Manufacturing Metallic Powders By RF 

Plasma Treatment 

Keyword(s) : 

Recycling, Sustainability, RF Plasm, Spheroidization, Deoxidation, Sphericity, Morphology  

Abstract : 

In most additive manufacturing (AM) processes, a significant fraction of the non-consolidated powder can be 

reintroduced into the process. However, after several cycles, altered flowability and|or oxygen pick up make such 

powders unsuitable for their reuse so that they become waste material. Radio Frequency (RF) plasma treatment 

can increase the flowability of these powders and for many materials it can even reduce oxygen content. As a result, 

powders initially considered as waste can now be transformed into high quality powders. In this study we review 

the literature related to RF plasma treatment for powder recycling and powder reconditioning and the physical and 

chemical phenomena are discussed. The limits and opportunities for the use of RF plasma for powder reconditioning 

of different materials are deduced. 

Innovative Aspect(s) : 

Currently large amounts of end of life powder used in additive manufacturing are discarded as waste material 

because of high oxygen content or poor morphology. The review of literature results and unpublished Tekna 

internal results show that many of these powders can be reconditioned by reducing the oxygen content and 

improving the morphology so that they can be reused. 
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Title : Cost-effective Manufacturing Of Metal Powders Through Continuous Process 

Keyword(s) : 

Abstract : 

Cost-effective and high-quality powders will be one of the main drivers for the development of metal AM towards 

a sustainable industrial technology.In addition to conventional gas atomization plants another innovative powder 

production process has been developed together with a customer. The conventional batch-wise process is 

transformed into a continuous process. The continuous powder production plant enables cost-effective and large-

scale production of up to 4,000 tons per year. Compared to the traditional gas atomization process the capacity is 

increased by a multiple. Production costs for spherical, high-quality metal powders are significantly reduced. The 

increase in capacity results in enormous economies of scale. Set-up times, melting and cooling times are reduced. 

In the new process, two vacuum induction melting (VIM) furnaces continuously hold liquid melt, which is atomized 

successively through the nozzle. The nozzle can be exchanged during operation. Melting is done under vacuum to 

guarantee highest quality levels. 

Innovative Aspect(s) : 

New innovative process,  Batch gas atomization is transfered to a continuous process with high capacities, Potential 

to reduce powder costs significantly 
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Title : Novel Method For Manufacturing Of WC-based Metal Matrix Composites By Wire 

Arc Thermal Spray 

Keyword(s) : 

Tungsten Carbide, Powder Atomization, Spherical Powder, Wear Resistance 

Abstract : 

Metal matrix composites (MMC) promote high wear and temperature resistance for various applications. The 

desired tribological, mechanical or thermal properties of MMC components can be specifically adjusted by an 

optimal combination of metallic matrix and reinforcement particles. Tungsten carbide (WC) reinforced powders 

for additive manufacturing are produced by premixing of both reinforced particles and matrix particles. However, 

due to the density differences of the two phases and the dissolution effect of WC-particles under high temperature, 

manufacturing of homogenous MMC-components is still challenging. In this study, a new approach to produce 

homogeneous, with high wear resistance WC-M powder is proposed. Therefore, cored WC-wires are atomized 

by newly developed wire arc thermal spray atomization method. The powders were characterized to surface 

morphology, particle size distribution and dissolution behavior of WC particles. The influence of atomization 

parameters and the use of different metal matrix materials will be discussed. 

Innovative Aspect(s) : 

Production of spherical MMC powders based on tungsten carbide with a M-based matrix. The powders have a 

macroscopic second phase inside in the form of tungsten carbide. By coating the carbide with the matrix, 

conventional manufacturing problems can be solved. The atomization also leads to a spherification of the carbide, 

which results in higher wear resistance and hardness. 
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Title : Alloy Development For Powder Metallurgy Using Ultrasonic Atomization 

Keyword(s) : 

Atomization, Metal Powders, Alloy Development, Powder Manufacturing 

Abstract : 

Current methods for the production of spherical powders restrict the development of new chemical compositions 

dedicated to various powder metallurgy technologies. Ultrasonic atomization process enables in -house powder 

production starting with single grams up to a few kilograms to verify new alloys. Plasma-based ultrasonic atomization 

was used to manufacture spherical powder of the high-temperature alloy, while induction-based ultrasonic 

atomization was used to develop a low-melting alloy. Additional case studies will be presented to provide an 

overview of the technology possibilities. 

Innovative Aspect(s) : 

In-house powder manufacturing, Manufacturing of small quantity of metal powders with designed chemical 

composition 
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Title : Small Batch Powder Production For Additive Manufacturing By Ultrasonic 

Atomization 

Keyword(s) : 

 

Abstract : 

Due to the strong dependency on powder supplier, the additive manufacturing is restricted to a small range of 

materials and connected to big orders. Competitive and profitable production often requires serial production and 

therefore small products. The powder preparation, starting by producing the desired material composition, allows 

to design customized powder specialised for each additive application. In our case, ultrasonic atomization realizes 

batch-wise material research and prevents waste of material. In this work, opportunities and difficulties of the wire-

fed ultrasonic atomization process is discussed. The main focus are stainless steels, e.g. 316L and variants, for 

lithography-based metal manufacturing. Furthermore, the powder characterisation, the tools for adjusting the 

powder atomization and first steps of additive manufacturing are presented. Results show that ultrasonic 

atomization provides narrow powder size distribution, almost perfect rounded powder without any satellites.  

Innovative Aspect(s) : 

Resource-efficient and on-demand batch-wise powder production for additive manufacturing, reproduceable and 

application-oriented particle-size distribution 
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Title : Nitrogen-Enhanced Martensitic Cr Steel: Advancing Strength, Corrosion Resistance, 

And Sustainability In Additive Manufacturing 

Keyword(s) : 

Gas Atomization, Additive Manufacturing, PBF-LB|M 

Abstract : 

The range of martensitic Cr steels that can currently be processed with PBF-LB|M is considerably limited. In order 

to expand and optimize the alloy portfolio of this alloy category, the qualification of a corrosion resistant martensitic 

Cr-steel with good processability for additive manufacturing is the focus of this study. The study covers the entire 

process chain from alloy development based on X50CrMoV15 steel, powder production via gas atomization, 

additive manufacturing using PBF-LB|M and microstructural investigations. Nitrogen is the key element in this 

concept as it can have a positive effect on strength, ductility and corrosion resistance and environmental footprint. 

In addition, N improves susceptibility to cold cracking in melt based additive manufacturing processes by reducing 

the MS temperature. 

Innovative Aspect(s) : 

By introducing nitrogen into the atomization process of a martensitic Cr steel, in addition to better processability 

using PBF-LB|M and better properties in the manufactured sample, sustainability could be improved in contrast to 

conventional argon atomization. 
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Title : Investigating The Gas Atomization Nozzles Near-field Gas Flow By Experimentally 

And Computationally Gained Schlieren Images For Rotationally Symmetric And Planar 

Symmetric Nozzles 

Keyword(s) : 

Additive Manufacturing, Gas Atomization, Metal Powder Production, Schlieren Imaging, Gas Dynamics, Primary 

Atomization 

Abstract : 

Metal Additive Manufacturing (AM) confronts challenges in achieving cost-effective production of high-quality 

powder (1-150 µm) due to the intricacies of the gas atomization process. Investigating the fluid dynamics in the 

nozzle near-field becomes imperative for a comprehensive understanding due to the pivotal role of primary 

atomization. This study investigates the gas flow of two close-coupled nozzles to investigate this research gap: a 

traditional 3D rotational symmetric nozzle and a 2D planar-symmetric nozzle mapping the intricate 3D rotational-

symmetric gas flow pattern onto a more manageable 2D planar representation.Schlieren images compare both 

nozzles, once experimentally gained on an industrial-size atomization test bench (ATB) and digitally created from 

Computational Fluid Dynamics (CFD) simulations. This methodological approach opens new ways to atomization 

studies by combining experimental and computational approaches. Such insights are vital for propelling 

advancements in metal AM and offering enhanced precision and control in producing high-quality metal powders. 

Innovative Aspect(s) : 

Investigation of two individual close-coupled atomization nozzles (A & B) and their gas flows via CFD simulation 

and experimental validation through an industrial scale atomization test bench (ATB). Nozzle A is a 3D rotational 

symmetric nozzle comparable to industry standards. On the other hand, nozzle B is a 2D planar symmetric nozzle, 

which maps the 3D symmetric flow features on a 2D plane. The experimental investigation is performed on an ATB 

located at Lindes Technology Center in Unterschleißheim, Germany. The ATB combines industrial-scale flow 

conditions with good optical accessibility and state-of-the-art high-speed Schlieren Imaging equipment. 
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Title : Recycled Ti-6Al-4V Powder Processed By Fusion Granulate Fabrication (FGF) And 
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Abstract : 

An economic drawback of powder based additive manufacturing methods is the high cost of powder compared to 

cast materials. However, the use of recycled materials, which do not originate from the primary powder production 

cycle, offers potential for cost reduction. In the present contribution, the use of Ti-6Al-4V powder generated via 

recycling is combined with Fused Granulate Fabrication FGF and MIM processing. The starting chip material comes 

from aviation production leftovers. The cleaned chips were shaped into cylindrical electrodes and spherical powder 

was produced using the EIGA process. The tensile test properties of the parts made out of the recycled Ti-6Al-4V 

powder were validated against parts produced from commercial plasma atomized Ti-6Al-4V powder. The parts 

produced from recycled powder show a higher oxygen content and therefore higher tensile strength but only a 

little lower plastic elongation to fracture, compared to parts made from plasma-atomized powder. 

Innovative Aspect(s) : 

The large aircraft structure components found in aviation are now machined from solid material. High machining 

rates of up to 95% are common. The resulting chip material is usually not recycled in a high -quality manner, but 

rather fed into less demanding process chains (e.g. as an additive in the steel industry). Nowadays, if Ti‑6Al‑4V chips 

are recycled, this is done by multiple vacuum arc remelting.The new process presented here, allows the production 

of powder directly from the turning or milling chips without prior remelting. This reduces energy consumption on 

the one hand and the risk of contamination by foreign substances on the other. 
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Abstract : 

Enhancing the yield is key for manufacturers of metal powders. To reach smaller particle size distributions, typically 

suitable for additive manufacturing processes, the common practice is to increase the pressure during gas 

atomization. If allowed by the equipment, it leads inevitably to higher gas consumption. To tackle this, another 

approach is to heat the gas. Higher gas temperature increases indeed the gas velocity, which generates bigger gas 

momentum and kinetic energy for the metal drop break-up. Some input will be given to highlight the importance of 

customizing the right gas supply and especially the right heater to optimize the operative cost. Small (5kg) and mid-

size (15 kg) batches of 316L stainless steel have been manufactured with heated gas and with ambient gas, any other 

process parameters being constant. Comparative results (particle size distribution, morphology and flowability) will 

be shared showing the benefit of heating the gas. 

Innovative Aspect(s) : 

Customization of the gas supply; New results on 316L batches of powder performed with different atomizer to 

check the impact of the mass of the batch. 
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Abstract : 

Centrifugal atomization is a rapid solidification process for producing metal powders traditionally limited to 

common metals and their alloys. This paper aims to introduce notable modifications in the development of 

centrifugal atomization as the research shift its focus to the production of novel materials such as metallic glasses. 

Emphasizing on the process parameters of atomization, mathematical calculations, and powder characterization, 

this research details the advancements in centrifugal atomization for Al-based amorphous powder production. The 

suitability of the centrifugal atomization cooling rate values for the production of Al-based metallic glasses was 

assessed using both theoretical and experimental approaches. This study has been accompanied by a comprehensive 

SEM, XRD, and DSC characterization analysis of the Al-based metallic glasses powders produced via centrifugal 

atomization. Overall, this paper summarizes the technical difficulty and application prospects of metallic glasses by 

centrifugal atomization and discusses the challenges and unresolved problems. 

Innovative Aspect(s) : 
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Abstract : 

Sustainability in production processes is a crucial topic that ensures the responsible use of resources, minimizes 

environmental impact, fosters long-term viability, and aligns economic success with ecological and social well-being. 

Regarding powder production via gas-atomization, the main aspects to maximize in order to achieve a robust 

process are powder quality and powder yield. However, gas-atomization energy consumption varies depending on 

gas-atomization pressure, heating time, power, and consumable reuse. This study proposes a methodology to 

optimize gas-atomized powder production by reducing the equivalent carbon generated per kilogram of powder. 

The methodology incorporates particle size distribution, morphology, and environmental impact considerations. 

The article reports a comprehensive case study for super-duplex steel powders produced by a lab-scale inert gas 

atomizer. 

Innovative Aspect(s) : 

Coupled approach between sustainability and metallurgical|process evaluation; Accurate extimation of equivalent 

CO2 produced by gas atomization for a specific atomizer 
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Abstract : 

Soft magnetic materials are crucial for efficient energy conversion and transfer in various electrical devices and 

power systems. For ideal soft magnetic properties such as a high saturation magnetization, low permeability and 

minimal losses, precise control over the material properties is necessary. In this work, the production of Fe-based 

soft magnetic alloys is described as a new method to obtain powders with tailored compositions, grain size and 

morphology. Various production parameters were used to gain insight into their impact on the powder properties, 

focusing particularly on grain size. Additionally, this research also concentrates on visualizing the atomization 

process to study the underlying mechanisms. It was found that the ultrasonic atomization  can provide highly 

spherical powders with a narrow grain size distribution while maintaining raw material composition. Therefore, it 

is suitable for small-batch production of novel soft magnetic powders for research purposes. 

Innovative Aspect(s) : 

Visualization of Ultrasonic AtomizationRessource-efficient production of novel soft magnetic powders. 
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Abstract : 

Prediction of particle size distribution (PSD) in close-coupled gas atomization is of great interest to optimize nozzle 

designs and to accelerate the choice of optimum operating variables in first-time atomizations. Previous works have 

shown that CFD simulations based on simplifying assumptions can correctly predict trends of median particle size 

of copper powders produced at different nitrogen pressures. In this work, a refinement of the simulation procedure 

developed by the authors is presented. Particle breakup is computed from a Discrete Phase Model (DPM), with 

injection input data calculated from a Eulerian model. The new model is used to compare, for the first time, 

simulated and experimental results of three different materials (copper, tin and stainless steel 316L) produced with 

three different gases (nitrogen, argon and helium). Even for materials with such disparate melting points, the 

simulations predict quite accurately the median particle size for varying gas-to-metal mass flow rate ratios. 

Innovative Aspect(s) : 

Unlike most other publications, in this work rather than comparing simulated results with a single material, three 

different materials with low, medium and high melting points are compared: tin, copper and stainless steel. A new 

refinement of a previous model makes it more accurate and usable across materials with very disparate physico-

chemical properties. 
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Abstract : 

Gas atomization is currently the main method of powder production for metal additive manufacturing. The Vacuum 

Induction Melting Gas Atomization (VIGA) is a close-coupled process used to produce spherical powders for all 

non-reactive materials melted by induction in a crucible. In this process, a supersonic gas jet impinges on a stream 

of molten metal, atomizing it into small droplets forming powders once solidification has taken place.A numerical 

model is developed to simulate gas flow patterns through and downstream of the VIGA nozzle. The influence of 

the type of gas (argon or nitrogen) on gas flow behaviour in the atomization chamber is investigated. The results 

show that nitrogen provides more kinetic energy than argon and reduces gas consumption in the system. The 

underlying mechanisms and implications for operation of the atomizer will be discussed. 

Innovative Aspect(s) : 
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Abstract : 

Centrifugal atomization efficiently produces spherical metal powders. This work examines the quality of Al6060 

alloy powders with varied process parameters produced by this technique. Although less understood, internal 

porosity in metal powders is crucial in determining quality in metal additive manufacturing (AM). Synchrotron X-

ray micro-CT is employed in this work to understand the sphericity and the internal porosity of metal powders at 

the individual particle level. Results from these analyses shed light on the intricate relationship between pore and 

particle morphology and key atomisation parameters. This helps in enhancing the powder performance during metal 

additive manufacturing. 

Innovative Aspect(s) : 

The novelty of this work lies in the production of aluminium alloy powder using rotating disc centrifugal atomisation 

and the application of synchrotron X-ray micro-CT to comprehend internal pores within the produced powders. 

These methodologies enhance our understanding of pore characteristics in connection with key atomisation 

parameters, thereby facilitating the optimized production of high-quality aluminium alloy powders for metal additive 

manufacturing applications. 
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Abstract : 

In this study it is proposed to use machining metal chips with a pre-established and controlled chemical composition 

as raw material for metal powder production. The centrifugal atomization technology is used to produce this metal 

powder, bridging the gap between collecting recyclable metal scraps and obtaining the final powder, therefore 

enhancing the overall sustainability of the process. This study involves the collection of metal chips, their treatment 

for the removal of cooling liquids and other residues, and their subsequent use as raw material for metal powder 

manufacturing. Three different case studies are presented, including AlSi7Mg aluminum alloy, a Sn -based alloy also 

called White Metal alloy or Babbitt alloy, and a Ti6Al4V titanium alloy, illustrating the versatility and applicability of 

the proposed approach. 

Innovative Aspect(s) : 

Enhance the overall process to produce metal powders from machining metal chips. 
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Abstract : 

The additive manufacturing of metal parts has developed rapidly over the last 10 years and opened up highly 

innovative areas of application. Initially used for small prototypes and small series, the technology has developed 

further and the components have become increasingly larger and more complex. Larger components require larger 

3D printers and correspondingly larger quantities of powder, especially if not just one printer but several printers 

are operated in parallel. In additive manufacturing, however, the correct handling of the powder is just as important 

as the 3D printing process itself. Improper handling of the powder leads to a deterioration of the powder properties. 

Automated handling of the metal powder in the immediate vicinity of the printer has too often been neglected. It 

requires a highly automated and cost-efficient solution. Volkmann has addressed precisely this issue. 

Innovative Aspect(s) : 

Closed powder loop 
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Abstract : 

High performance and low-cost component manufacturing often demands mix solutions with high apparent density 

(AD) and good fillability. Especially for taller and more geometrically complex components, powder solutions with 

higher AD and excellent die filling consistency are very important. Traditionally, metal stearate lubricants have been 

admixed to reach higher AD. Besides offering poor lubrication, residues of these lubricants accumulate in the 

sintering furnace, which requires regular maintenance stops. Höganäs’ new bonded mix solution; Starmix Nova, is 

developed to offer high AD and excellent flow without using metal stearates.  This study is based on both laboratory 

experiments and compaction trials in a production environment. Compared to a standard premix with amide wax, 

Starmix Nova mixes achieve 0.3 g|cm3 higher AD, which is equivalent of a premix with Zn-stearate and faster flow. 

In production trials, Starmix Nova proved excellent component weight consistency and improved productivity.  

Innovative Aspect(s) : 

New developed mix concept with metal stearate free lubricant giving high apparent density.This new mix concept 

enables high stability and productivity when producing P|M components. 
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