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Requested presentation type : Oral Presentation 

 

Topic : Materials Subtopic : Hard Metals & Cermets 

Author : Dr Kok Yin Nan (Powderloop Technology Ltd., United Kingdom) 

Co-author(s) :  

Title : Resource Efficient Hardmetal Powder For Additive Manufacturing (AM) 

Keyword(s) : 

Hardmetal Powder, Additive Manufacturing, DED, Hardfacing, Coating, Powder Manufacturing,Tungsten Carbide, 

Resource Efficient 

Abstract : 

Hardmetal powders used in today’s AM were originally formulated for thermal spraying over six decades ago. The 

conventional hardmetal powder manufacturing process involved multiple high-energy stages i.e. pre-manufacturing 

of carbide and grinding. During AM process, a melt pool is created by laser beam. Chemical reactions occur within 

the melt pool in a fraction of a second. When pre-manufactured carbide is used, the carbide is re-melted, this can 

lead to decomposition and formation of unfavourable brittle eta-carbide phase which is detrimental to the coating 

performance. This paper presents a novel powder for AM using a resource-efficient powder manufacturing method. 

The powder was produced by employing elemental materials compared to the conventional methods that used pre-

manufactured carbide powder. This novel powder is expected to promote in-situ formation of carbide during laser 

fusion processes and provide a chemically more stable coating and cleaner interface with better adhesion between 

the carbide and the matrix. 

Innovative Aspect(s) : 

This paper has not been submitted elsewhere. This work is based on our internal research and developments and 

findings from our subject matter expertise in the field. As explained in the abstract, as far as we are aware, there is 

no commercially available powder as such for AM to promote in-situ formation of hard carbides using the resource-

efficient methods of spray drying. 
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Topic : Materials Subtopic : Hard Metals & Cermets 

Author : Ing Biedma Ángel (Universidad Carlos III de Madrid, Spain) 

Co-author(s) : Mr García Marcos (Universidad Carlos III de Madrid, Spain); Dr de Nicolás María (IMDEA 

Materiales, Spain); Prof Dr Gordo Elena (Universidad Carlos III de Madrid, Spain) 

Title : Influence Of Sintering Pressure Cycle And Composition On The Processing Of 

Ti(C,N)-based Cermets 

Keyword(s) : 

Ti(C,N)-based Cermets, Sintering Cycle, Sintering Vacuum Pressure, Microstructure Formation, Densification 

Abstract : 

Ti(C,N) cermets with Fe-based binders have shown great potential as alternatives to hardmetals, as they can reduce 

the dependence on critical raw materials while maintaining similar properties. Although Ti(C,N)-FeNiCr has been 

extensively researched, there are certain aspects that warrant further investigation in order to enhance its 

properties. This study focuses on the development of sintering combined cycles, which involve controlling the levels 

of vacuum and gas partial pressures. These cycles aim to address various challenges, such as the degassing of N2 

from ceramic particles, the volatilization of metallic binder, grain growth, and densification. The formation of 

gradients and oxides on the surface of cermets has also been examined. Furthermore, adjustments to the levels of 

Cr and C have been made to prevent the precipitation of M7C3-type carbides. The CALPHAD methodology and 

EBSD have been utilized within the framework of this study to analyze and understand the cermet's behavior. 

Innovative Aspect(s) : 

This project enhances the comprehension and knoledge of the sintering conditions of cermets, thereby making a 

valuable contribution. Its primary objective is to tackle existing challenges in vacuum sintering process and provide 

explanations for the occurrence of such issues in this particular Ti(C,N)-based cermets. 
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Topic : Materials Subtopic : Hard Metals & Cermets 

Author : Dr De Gaudenzi Gian Pietro (F.I.L.M.S. S.p.A., Italy) 

Co-author(s) : Mrs Tedeschi Sandra (F.I.L.M.S. S.p.A., Italy); Mrs Pirone Fransisca (F.I.L.M.S. S.p.A., Italy); Ing 

Garabelli Mattia (F.I.L.M.S. S.p.A., Italy); Mr Ruggiero Domenico (F.I.L.M.S. S.p.A., Italy) 

Title : Functionally Graded Hardmetal Systems For Applications Requiring Corrosion And 

Abrasion Resistance 

Keyword(s) : 

Functionally Graded Hardmetal, Functionally Graded Metallic Binder, Corrosion Behavior, Mechanical Properties 

Abstract : 

The application of the Functionally Graded Materials concept to cubic carbide-free hardmetals is commonly 

associated with achieving optimized mechanical properties in different regions of an article. In this work, special 

attention is given to maximize the corrosion and wear resistance of an outer layer while keeping the toughness 

values of the bulk material. This involves a detailed examination of gradients in the alloying of the metallic binder. 

A Ni-based outer layer, featuring a composition known for corrosion resistance, is sintered over a Co-based bulk 

with a medium WC grain size distribution. The concentration gradients of Ni and Co, along with the influence on 

mechanical properties and corrosion resistance, are thoroughly assessed. This analysis extends to the effects of 

additives such as chromium, molybdenum, with copper considered as an additional additive. The results reveal a 

promising path for the development of innovative hardmetal solutions in demanding applications. 

Innovative Aspect(s) : 

The application of the Functionally Graded Materials (FGM) concept to the hardmetal Metallic Binder (MB). 

Investigation on the impact of MB compositional gradient on mechanical properties and corrosion behavior in FGM 

systems. Exploring additive diffusion and the effect of additive content gradient on mechanical properties and 

corrosion behavior. The role of copper in the MB alloy on the corrosion behavior of hardmetal in simulated sea 

water. 
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Topic : Materials Subtopic : Hard Metals & Cermets 

Author : Dr Ing Mégret Alexandre (University of Mons, Belgium) 

Co-author(s) : Prof Dr Vitry Véronique (University of Mons, Belgium); Prof Dr Delaunois Fabienne (University of 

Mons, Belgium) 

Title : Corrosion And Tribological Characterizations Of A Recycled Tungsten Carbide 

Powder 

Keyword(s) : 

Cemented Carbide, Recycled Powder, Corrosion Properties, Tribology 

Abstract : 

Recycling end-of-life tungsten carbide tools is important to encounter the issues linked to critical raw materials 

(CRM). Indeed, cobalt and tungsten have been listed as critical by the European Commission since 2011. Previous 

studies have characterized a recycled powder in terms of densification, microstructure, and mechanical properties, 

leading to interesting properties compared to conventional powders. The study of corrosion and tribological 

properties was not characterized although they are essential to understand the interactions between the cemented 

carbide tool and other materials. In this study, parts made from recycled tungsten carbide powder containing 7.5 

wt.% cobalt have been sintered to evaluate their corrosion properties (open-circuit potential, polarizations…) and 

their tribological properties (friction coefficient, wear mechanisms…). 

Innovative Aspect(s) : 

The study of corrosion and tribology of cemented carbide parts is not numerous but is of great importance for 

their traditional applications. Correlations with microstructures and mechanical properties are drawn. Moreover, 

only few papers mention the characterization of recycled powder. 
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Topic : Materials Subtopic : Hard Metals & Cermets 

Author : Dr Sandoval Ravotti Daniela (Hyperion Materials & Technologies, Spain) 

Co-author(s) : Dr Girman Valdimír (Institute of Materials Research, Slovak Academy of Sciences, Slovakia); Dr 

Sedlak Richard (Institute of Materials Research, Slovak Academy of Sciences, Slovakia); Ing Serra Marc (Universitat 

Politècnica de Catalunya, Spain); Dr Larrimbe Laura (Hyperion Materials & Technologies, Spain); Ing Mendez Marco 

(Hyperion Materials & Technologies, Spain) 

Title : Influence Of Processing Route In The Fracture Toughness Of Cemented Carbides 

With Different Grain Size And Binder Content 

Keyword(s) : 

WC-Co, Fracture Toughness, WC Plasticity, TEM, Dislocations 

Abstract : 

Samples with 12 and 20 wt.% of binder content and fine, medium, and coarse WC grain size were manufactured by 

three different processing routes. It was noticed that for one route, fracture toughness was improved without a 

decrease in hardness, contrary to the other routes in which the typical hardness and toughness inverse relation 

was followed. As expected for cemented carbides, different mechanisms compete to affect fracture toughness. On 

one end, for fine grain size, the toughness is influenced mainly by the binder content; on the other end of the scale, 

for coarse grain size, binder content has a minimum influence, regardless of the processing route. Unexpectedly, 

deeper characterization by EBSD, XRD and TEM showed that there is a region of binder and grain size in which 

the processing route leads to an improved intrinsic plasticity of WC and ultimately, the fracture toughness of the 

composite. 

Innovative Aspect(s) : 

By changing the processing route, and for a range of binder content and WC grain size, the plasticity of the WC is 

afected, resulting in a improved fracture toughness of the composite 
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Author : Ms Mohammadpour Kasehgari Saba (KTH Royal Institute of Technology, Sweden) 

Co-author(s) : Ms Toller-Nordström Lisa (KTH Royal Institute of Technology, Sweden); Ms Borgenstam Annika 

(KTH Royal Institute of Technology, Sweden) 

Title : Martensitic Phase Transformation In Cemented Carbides With Steel-Based Binder 

Keyword(s) : 

Cemented Carbides, Alternative Binders, Advanced High-Strength Steel, Martensitic Transformation, 

Thermodynamic Modeling, Electron Backscatter Diffraction 

Abstract : 

Cemented carbides, important composites produced by powder metallurgy, exhibit an excellent performance 

within metal cutting tools and mining equipment when their hard phase, tungsten carbide, is bound by cobalt. 

However, in recent years, due to health and ethical concerns related to cobalt, there has been a significant focus 

on designing alternative binders. The martensitic transformation in high-strength steel and its subsequent 

transformation-induced plasticity effect propose a solution to substitute cobalt and improve the overall properties 

of cemented carbides. However, numerous factors including carbon and tungsten content, residual stresses induced 

by tungsten carbide grains, and the confined dislocation mean free path in the binder significantly affect the nature 

of the martensitic transformation in these composites. Thus, in this study, thermodynamic and kinetic-based models 

coupled with dilatometry and electron backscatter diffraction characterization were utilized to predict the 

martensitic start temperature and fraction and morphology of martensite in steel-based binders of cemented 

carbides. 

Innovative Aspect(s) : 

Over time, we have gained extensive knowledge and valuable insights about the third generation of steel. Despite 

numerous previous studies on alternative binders in cemented carbides, there has been no attempt before to apply 

the latest achievements in advanced high-strength steel to these relatively new metal composites. The current work 

has aimed to build a multi-length scale computational framework for designing new sustainable composites with 

minimum trial and error experiments. Thermodynamic and kinetic-based models coupled with experimental data 

were utilized for a thorough understanding of phase transformations and microstructural evolution in cemented 

carbides with the aim of translating the martensitic phase transformation and the TRIP effect to the binders in these 

composites. The models will further be used to explore different processing conditions and sets of compositions 

for tailoring phase transformations in steel-based binders in cemented carbides which would lead to improved 

strength and ductility and reduced usage of cobalt. 
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Author : Mrs Fooladimahani Saghar (Universitat Politècnica de Catalunya - BarcelonaTech, Spain) 

Co-author(s) : Dr Liu Chao (Xiamen Tungsten Co., Ltd., China); Dr Liu Bolu (Xiamen Tungsten Co., Ltd., China); 

Dr Lin Le (Xiamen Tungsten Co., Ltd., China); Prof Llanes Luis (Universitat Politècnica de Catalunya - 

BarcelonaTech, Spain) 

Title : Optimization Of Short-pulse Laser Shaping Of Micro-features In Cemented Carbides: 

Assessment Of Dimensional Accuracy, Surface Integrity And Microstructural Effects 

Keyword(s) : 

Laser Ablation Method, Controlled Damage, Hardmetals, Mechanical Properties 

Abstract : 

Laser ablation is a proven method for post-processing fabrication, surface texturing, and micromachining hardmetal 

tools. In this regard, dimensional accuracy and surface integrity of shaped features are expected to depend on both 

processing parameters and microstructural assemblage. However, detailed information about such correlations is 

limited, especially concerning practical and cost-effective methods like short-pulse laser ablation. This study 

addresses this gap by shaping microfeatures on the surfaces of fine-grained cemented carbides with different Co 

content. In doing so, distinct laser processing parameters are optimized to shape microdimples, micronotches, and 

through-thickness microgrooves accurately. Advanced characterization techniques, including scanning electron 

microscopy, focused-ion beam milling, and digital image correlation, are employed to investigate the surface integrity 

of these features. Results show that laser parameter alterations significantly influence surface integrity (concerning 

induced damage or residual stresses). Feasible application of this knowledge is applied to evaluate the fracture 

toughness and damage tolerance behavior of cemented carbides. 

Innovative Aspect(s) : 
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Topic : Materials Subtopic : Hard Metals & Cermets 

Author : Dr Toller-Nordström Lisa (KTH Royal Institute of Technology, Sweden) 

Co-author(s) : Dr Borgh Ida (Sandvik Mining and Rock Technology, Sweden); Ms Sten Stella (Sandvik Mining and 

Rock Technology, Sweden); Prof Norgren Susanne (Sandvik Mining and Rock Technology, Sweden); Prof 

Borgenstam Annika (KTH Royal Institute of Technology, Sweden) 

Title : Hardmetals With Novel Binder Phase Systems 

Keyword(s) : 

Hardmetal, Cemented Carbide, Alternative Binder, Characterisation 

Abstract : 

Due to the increased demand of cobalt and its negative health aspects, as well as it being listed as a critical raw 

material, the metallic cobalt binder of hardmetals, or cemented carbides, need to be replaced or substituted with 

an alternative.Over a decade of intensive research into alternative binders has significantly increased our knowledge 

on how metals other than cobalt affect the production and performance of hardmetal tools. Still, many challenges 

remain for complete substitution of cobalt across applications.Current efforts are focused on exploring more 

complex alloy systems that in turn may lead to formation of new phases and microstructures whose effect on the 

performance are yet unknown. This work presents recent advances in alternative binder research using steel based 

binder phases and what benefits these systems can bring. Thermodynamic calculations, electron microscopy and x-

ray diffraction are used to characterise and analyse the material. 

Innovative Aspect(s) : 

Much of existing research on alternative binders for hardmetals have focused on pure elements or alloys of two or 

three elements, or the proposed binder phase has been an existing advanced alloy but without full consideration of 

the complex situation of stress state, grain size, mean free path and dissolution of hard phases that will ultimately 

lead to much different properties of the binder phase compared to a bulk alloy of the same target composition.This 

work considers previous research and combines that knowledge with thermodynamic calculations to design 

complex alloys to be used specifically as a binder phase in a hardmetal. Advanced characterisation techniques are 

used to evaluate the resulting material to further our knowledge on alternative binder hardmetals. 
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Author : Dr Ing Guillen Pineda Rene Miguel (Hyperion, Spain) 

Co-author(s) : Dr Ther Oliver (Hyperion, Spain) 

Title : Design Of Cermet Materials: Influence Of Ti Hard Phases Raw Material 

Keyword(s) : 

Abstract : 

Cermet materials are a good alternative to cemented carbide for cutting applications due to their higher hot 

hardness, nevertheless this family of materials is more complex to use due to their relatively lower toughness in 

comparison to cemented carbides.This study is focused on the influence of Ti raw materials used for the 

composition of cermet and their influence on the final mechanical properties. A comparison between the materials 

TiC, TiN and TiCNs, showed that the use of Ti (C, N) s brings a strong improvement of the final properties over 

the usage of TiC and TiN. A deeper look at the effect of the C and N ratio (30-70, 50-50, and 70-30) initially present 

in the TiCN raw material highlighted a surprising behavior. In these materials hardness is decreasing with the 

increase of N content, even though N is a well-known grain growth inhibitor for Ti hard phase. 

Innovative Aspect(s) : 
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Title : Comparison Of Different Binder-Jetting Printers For Additive Manufacturing Of 

Hardmetals 

Keyword(s) : 

Cemented Carbide, Powder, Additive Manufacturing, FESEM, Hardness, Hardmetal, Binder Jetting 

Abstract : 

Binder-jetting (BJT), a sinter and powder-based additive manufacturing technology, is becoming more and more 

established on the market due to its high productivity and the wide variety of materials it can process. The 

production of WC-Co based hardmetals is being promoted by well-known hardmetal and powder manufacturers 

using the BJT technology. Within this study, five different binder jetting printers from four different manufacturers 

were tested and compared for their suitability for the production of hardmetals. In addition to hardmetal properties, 

printing performance and green part handling are compared and the investigated differences discussed. The studies 

shows, that all tested BJT printers show the principle feasibility of producing hardmetal green parts which can after 

sintering yield dense samples. 

Innovative Aspect(s) : 

For the first time investigations about the production of hardmetal green parts on five different binder jetting 

printers were done. Previously, only ExOne binder jetting manufacturers were used, with a few exceptions. The 

study proves that dense hardmetals can be produced with binder jetting printers from different manufacturers using 

different binder fluids and process approaches. 
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Title : Influence Of Various Alloying Elements On WC-Ni Hardmetals 

Keyword(s) : 

Hardmetal, WC, FAST, SPS, Co Free, Alternative Binder Systems 

Abstract : 

The substitution of cobalt in hardmetals has a crucial economic role, since increasing costs driven by the demand 

for Li-ion batteries can lead to higher prices for the majority of hardmetal grades which depend on cobalt as binder 

metal. Nickel has already proven to be a possible substitute. However, so far it cannot compete with cobalt in 

terms of mechanical properties. Therefore, in this work a systematic investigation on various alloying elements in 

nickel-based binder systems for hardmetals was done. A further goal of this study was the reduction of needed 

sintering temperatures which can lead to less energy consumption for the sintering process. The trials were carried 

out using field assisted sintering. Subsequent SinterHIP treatment was done to investigate quasi thermodynamicall 

state. The chosen alloying elements are iron, manganese, copper, silicon, and germanium. For some combinations, 

hardmetals with a novel nickel-based binder alloy could be successfully prepared. 

Innovative Aspect(s) : 

To the authors’ knowledge there have not been any systematic studies on alloying nickel in situ with various 

elements as binder systems for hardmetals in combination with the preparation by a field assisted sintering 

technique. 
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(Fraunhofer IKTS, Germany); Ing Jucan Ovidiu (Gühring SRL, Romania); Dipl-Ing Jegust Stephan (Inmatec 

Technologies, Germany); Dr Ing Pötschke Johannes (Fraunhofer IKTS, Germany); Dr Ing Moritz Tassilo (Fraunhofer 
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Title : Testing Of Hardmetal Cutting Inserts Additive Manufactured By Fused Filament 

Fabrication 

Keyword(s) : 

Fused Filament Fabrication, Additive Manufacturing, Indexable Inserts, Hardmetal, Machining, Cemented Carbide 

Abstract : 

Additive manufacturing allows machining tools to be specifically adapted to the machining task. However, currently 

the question remains whether additive manufactured hardmetal tools can achieve comparable performance to 

conventional produced hardmetal tools. In this study, hardmetal inserts manufactured using fused filament 

fabrication were tested in industrial machining trials on samples of AISI 304 (X5CrNi18-10). Due to their high 

degree of standardization and simple geometry, indexable inserts are well suited for such feasibility tests, although 

they do not have a geometry that requires or is advantageous for additive manufacturing. Within the presentation 

the whole process chain from powder up to the grinded tool will be shown. Specific issues for ensuring high material 

and component quality are discussed and an outlook into the use of ultrafine hardmetal powders more complex 

tools will be given. The promising results show great potential for complex special hardmetal tools, weight savings 

and conformal cooling. 

Innovative Aspect(s) : 

Application of ultrafine hardmetal powders in thermoplastic shaping; Complete processing off FFF-manufactured 

indexable inserts until ready to use tools- Assessment of FFF-manufactured hardmetal inserts in comparison to 

conventional produced hardmetal tools for machining of AISI304. 
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Topic : Materials Subtopic : Hard Metals & Cermets 

Author : Dr Besharatloo Hossein (CIEFMA-UPC|Colfeed4Print, Spain) 

Co-author(s) : Mr Zegai Ahmed (University of Sciences and Technology Houari Boumediene, Algeria); Prof Dr 

Llanes Luis (CIEFMA-UPC, Spain); Dr Chirico Caterina (ICV-CSIC, Spain); Dr Ferrari Begoña (ICV-CSIC, Spain); 

Dr Sanchez-Herencia Antonio Javier (ICV-CSIC, Spain) 

Title : Effects Of Nickel Content And Sintering Methods On Microstructure And 

Micromechanical Properties Of WC|Ni Composites 

Keyword(s) : 

 

Abstract : 

Powder composition and sintering process significantly influence the microstructure, phase composition, and 

mechanical properties of WC-based composites. The precise control of both chemical composition and sintering 

conditions is crucial for tailoring these materials to meet specific requirements across diverse applications, such as 

cutting tools, wear-resistant components, and various industrial uses.The study comprehensively assesses: I) the 

impact of varying nickel content, and II) the influence of sintering methods, including conventional and Spark Plasma 

Sintering (SPS), on the final microstructures and mechanical properties of the WC|Ni composites.In doing so, two 

sets of WC|Ni composites (containing 5 and 10 vol% Ni) were sintered using SPS and conventional methods. 

Microstructural analysis included FESEM and XRD, while micromechanical properties were evaluated with 

nanoindentation mapping in conjunction with statistical analysis for evaluating hardness and elastic modulus of each 

phase. This detailed examination contributes valuable insights for enhancing the microstructural design of WC|Ni 

composites. 

Innovative Aspect(s) : 

 

Malmö, Sweden 

29 September - 02 October 2024 



 

Reviewer’s name : …………………………………………………………………………………………………………. 

Keynote ☐  Oral ☐  1☐  2☐  3☐  4☐ 

Poster ☐  Poster & Reserve Oral ☐ 

Withdraw ☐  Reason : …………………………………………………………………………………………. 

Notes to author : …………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………... 

 

 

 

Paper Number : M319 
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Topic : Materials Subtopic : Hard Metals & Cermets 

Author : Dr Ing Cinca Núria (Hyperion Materials and Technologies, Spain) 

Co-author(s) : Prof Dr Isalgué Antoni (Universitat Politècnica de Catalunya, Spain); Dipl-Ing Riu Guiomar Steros 
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(Steros GPA Innovative S.L, Spain) 

Title : In-situ Surface Integrity Study Focused On Cobalt Phase Transformation Induced 

During The Grinding And Polishing Process In Cemented Carbides WC-Co Surfaces 

Keyword(s) : 

Cemented Carbides, Surface Integrity, Dry Electropolishing, Compressive Stresses, Phase Transformation, 

Synchrotron Radiation 

Abstract : 

The surface integrity in terms of phase transformation and compressive residual stresses (scomp) on ground WC-

10wt.%Co specimens and sequentially dry-electropolised was studied by means of synchrotron radiation and, in-

situ heating up to 900ºC helped in monitoring the h.c.p-Co to f.c.c-Co reverse transformation. It was revealed that 

as the dry-electropolishing process time increased, the full width at half maximum of XRD peaks decrease, 

associated with a reduction of the scomp near the surface of the specimens. In addition, both ground and polished 

specimens exhibited a release in scomp as result of the thermal treatment. Deeper study on the Co phase revealed 

that the h.c.p. peak intensity decreased while the f.c.c. one increased, together with a peak shift to low angles 

confirming the h.c.p to f.c.c phase reversion reaction for the metallic Co binder. 

Innovative Aspect(s) : 

The present paper evaluates the compressive stresses in the novel dry electropolishing method applied to cemented 

carbides by means of synchrotron radiation. 
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Author : Mr Leclef Arnaud (UMONS, Belgium) 

Co-author(s) : Dr Ing Mégret Alexandre (UMONS, Belgium); Prof Dr Tricoteaux Arnaud (UPHF, France); Prof 
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Title : Carbon-doped FeMn-based Binders For Tungsten Carbide 

Keyword(s) : 

Tungsten Carbide, Ball Milling, Vacuum Sintering, Hardness, Binders, Phase Diagrams 

Abstract : 

The use of cobalt as binder for tungsten carbide raises more and more questions of environmental, health and 

societal ethics. The aim of this study is to find alternatives to cobalt as a binder for tungsten carbide. Tested binders 

were FeMn-based binders. The latter were carbon-doped to prevent the presence of eta-phase. Expected results 

required HV30 > 1600, fracture toughness > 10 MPa.m1|2, and a corrosion resistance equivalent to WC-Co 

composites. The first aspect is to model the phases that were generated by the replacement of cobalt. Pseudo-

binary phase diagrams have been performed. The second aspect was to process the alternative "WC – promising 

alternative binder" composites. The powder metallurgy method was chosen for this purpose. Vacuum sintering 

technology was used. The samples were then mechanically and morphologically characterized. Corrosion resistance 

was also analyzed. 

Innovative Aspect(s) : 

The use of FeMn alloys as substitutes for cobalt as binders for tungsten carbide is rare in the literature. Furthermore, 

the study of carbon-doping the FeMn binder to inhibit the presence of eta-phase in the WC-FeMn composite has 

not been pursued in the past. 
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Topic : Materials Subtopic : Hard Metals & Cermets 

Author : Prof Senos Ana (Department of Materials and Ceramics Engineering CICECO, Portugal) 

Co-author(s) : Dr Fernandes Cristina (Palbit, Portugal); Dr Ferrari Begoña (Institute of Ceramic and Glass (ICV-

CSIC), Spain); Dr Sanchez-Herencia A.J. (Institute of Ceramic and Glass (ICV-CSIC), Spain); Dr Chirico Caterina 

(Institute of Ceramic and Glass (ICV-CSIC), Spain) 

Title : Debinding And Sintering Of WC-Ni Samples Obtained By Material Extrusion Of A 

Thermoplastic Composite 

Keyword(s) : 

Material Extrusion, Hardmetal, Debinding, Colloidal Processing 

Abstract : 

Material Extrusion (MEX) is a promising technique for AM of high-performance hardmetal components, allowing to 

obtain complex shapes, including internal cavities, which are necessary in cooling systems of cutting tools.In this 

work, the effect of different atmospheres (Air, Ar, and N2-H2) during debinding was studied. Filaments contain 45 

vol.% of hardmetal powders (WC-Ni) with 10 and 15 vol.%  Ni and PLA-based thermoplastic matrix. Debinding 

was performed using a tube furnace up to 800 °C. Samples were sintered up to 1450 ºC in Ar atmosphere at 30 

bar, using a sinter-HIP furnace. This thermal cycle also includes a debinding at 600 ºC in H2 atmosphere.The 

microstructure is similar to that obtained in conventional processed hardmetal, achieving a relative density between 

92 and 97%.  Most of the defects observed are related to the printing process. Sintered samples were 

microstructural characterized using SEM, carbon content was evaluated by direct combustion technique. 

Innovative Aspect(s) : 

This work studies the effect of different atmospheres during the debinding of hardmetal parts produced by MEX in 

order to enhance the polymer removal, maintaining the structural integrity, and reducing the amount of residual 

carbon that could allow the precipitation of secondary phases, usually associated with the detriment of mechanical 

properties. Furthermore, this work proposes a "low-cost" and efficient approach that reduces the consumption of 

inert gas employed during the thermal cycle. To do this, it is performed a cycle using air in much of the debinding 

process and subsequently changing to an N2-H2 atmosphere. In this way, the polymer combustion is favored, and 

the sample remains without oxidation. 

 

Malmö, Sweden 

29 September - 02 October 2024 



 

Reviewer’s name : …………………………………………………………………………………………………………. 

Keynote ☐  Oral ☐  1☐  2☐  3☐  4☐ 

Poster ☐  Poster & Reserve Oral ☐ 

Withdraw ☐  Reason : …………………………………………………………………………………………. 

Notes to author : …………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………... 

 

 

 

Paper Number : P-M120 
ID : 6281747 

Requested presentation type : Poster Presentation 
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Author : Mr Figueiredo Daniel (University of Aveiro, Portugal) 
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Davim J. Paulo (Aveiro University, Portugal) 

Title : Control Of Ductile Mode Machining During Micro-milling Of Cemented Carbide 

Keyword(s) : 

Hardmetal, Micro Milling, Diamond-coated Carbide Tools, Size Effect, Surface Quality 

Abstract : 

Machining in ductile mode is usually applied for finishing precision parts of hard materials e.g. cemented carbide 

parts, medical ceramic components or glass material applications. Thus the study of ductile mode cutting of brittle 

materials has been attracting more and more efforts. Bifano et al. presented a model, demonstrating the possibility 

to apply this mechanism while machining hard and brittle materials by the use of ultra-precision machines presented 

a formula for the transition from brittle to ductile cutting mechanism, also known as the critical depth of cut, relating 

the material specific properties Young’s-Modulus E, material hardness H and fracture toughness K1C and is widely 

used controlling grinding processes. In the present work hardmetal micro-milling of a WC-15wt.%Co part was 

performed with diamond coated end mills, confirming the influence of cutting parameters on the cutting regime. 

Critical scale effects structure-related behaviour was confirmed. Positive impact on machined surface quality was 

observed when ductile mode is applied. 

Innovative Aspect(s) : 

Advanced caracterization of machining regimes of cemented carbide; Ductile regime evaluation during micro-milling 

of cemented carbide; Process optimization of micro-milling of cemented carbide using diamond coated end mills; 

Micro miling scale effect correlation with cemented carbide micro-struture 
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Topic : Materials Subtopic : Ultrahard Materials 

Author : Miss Navarrete Cuadrado Jazmina (CEIT-BRTA, Spain) 

Co-author(s) : Dr Soria Biurrun Tomas (CEIT-BRTA, Spain); Dr Lozada Cabezas Lorena (CEIT-BRTA, Spain); Dr 

Alveen Patricia (Formerly at HILTI Co., now at EURICE, Germany); Dr Moseley Steven (Hilti Corporation, 

Liechtenstein); Prof Dr Sanchez-Moreno Jose M. (CEIT-BRTA, Spain) 

Title : New Ultrahard Ceramics And Ceramic-metal Composites Based On Tungsten 

Tetraboride 

Keyword(s) : 

Tungsten Tetraboride, HIP, Ceramics, Reactivity With Ni Powders 

Abstract : 

WB4-B and WB4-TaB2 based materials with hardness values over 43 GPa have been obtained by glass encapsulated 

HIPing. Sintering of WB4-B-TaB2 powders is significantly activated by Ni additions. Porosity removal is achieved at 

1100ºC-150 MPa- 1hour, that is, 250ºC below the temperature needed without nickel. However, there is strong 

chemical reactivity between Ni and WB4-B-TaB2 powders leading to the formation of W2B5, NiB, Ni4B3 and M2B5 

phases. Since no metallic nickel remains after sintering, these ceramic composites are very brittle.  Strength and 

toughness of WB4-B-TaB2-Ni alloys are notably improved by TiAl3 and Zr additions. Although Ni containing 

borides are still present in these materials, there are also Ni-rich regions free of boron after sintering, which provide 

a significant strengthening effect, reaching TRS values near 1 GPa. However, when Zr is added to the mixtures, 

WB4 grains are fully decomposed into a combination of mixed borides. 

Innovative Aspect(s) : 

Production of new  ultrahard WB4-B ceramics by HIP at temperatures 300ºC below those reported so far for 

these materials achieving nanohardness values over 43 GPa; Analysis of the reactivity between WB4-B powders and 

Ni additions. Identification of phases formed after sintering; Control of chemical reactions between WB4-B and Ni 

by additions of TiAl3 and Zr with the aim of producing tougher ceramic metal composites 
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Author : Dipl-Ing Thomas Thomas (Fraunhofer IFAM Dresden, Germany) 

Co-author(s) : Dr Ing Riecker Sebastian (Fraunhofer IFAM Dresden, Germany); Mr Uhlig Marvin (Fraunhofer USA, 
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Germany); Dr Zhong Chongliang (Fraunhofer IFAM Dresden, Germany); Prof Dr Weißgärber Thomas (Fraunhofer 

IFAM Dresden, Germany) 

Title : Copper-Diamond Composite With Complex Shape By Gel Casting Plus Spark Plasma 

Sintering 

Keyword(s) : 

Powder Metallurgy, Copper Diamond Composite, Additive Manufacturing, Spark Plasma Sintering 

Abstract : 

The trend toward miniaturization in electronic packaging poses challenges in cooling and temperature control, 

limiting design and efficiency. To address this, interest is growing in complex-shaped packaging with enhanced 

thermal conductivity. Additive technologies actual work for metallic materials but face compatibility issues with 

complex composites like copper-diamond, known for its high thermal conductivity (up to 700 W|mK). This report 

details efforts to introduce copper-diamond composites to additive manufacturing through gel casting. Mixtures of 

copper and diamond powder (up to 60% diamond volume) underwent optimization for binder systems. Post-

sintering using a modified spark plasma sintering process resulted in structures with thermal conductivities 

measuring 688 W|mK, 1.7 times that of pure copper. Copper-diamond composites offer a new class of 3D cooling 

structures, crucial for heat dissipation in microelectronics, power modules, charging infrastructure, and e-mobility. 

Innovative Aspect(s) : 

At present, the shaping of composite materials with high thermal conductivity such as copper-diamond composites 

is mainly limited to dense, simple shapes such as discs or plates. Complex shapes are essential for heat dissipation. 

Special pin and rib structures increase the cooling capacity. Due to the high particle load of the composite materials, 

conventional machining poses a major challenge. The solution of shaping complex moulds using additive 

manufacturing and sintering them accordingly will further increase the performance of the cooling elements. At the 

same time, miniaturisation and weight reduction can be tackled. 
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Ltd., Global Innovation Centre, United Kingdom) 

Title : Polycrystalline Diamond Cutters With Cobalt-Rhenium Binder For Enhanced 

Thermal Stability In Rock Drilling 

Keyword(s) : 

Cobalt Rhenium Carbide Polycrystalline Diamond Rock Drilling 

Abstract : 

The excellent abrasion resistance and impact resistance of polycrystalline diamond (PCD) make it the material of 

choice for rock cutting applications. For example, a PCD table bonded to a WC|Co substrate forms a cutter suitable 

for oil and gas drilling. However, the presence of binder in the PCD – infiltrated from the substrate during high 

pressure high temperature (HPHT) sintering – severely shortens tool life through thermal degradation mechanisms. 

Acid leaching this binder from the cutting surface significantly improves its thermal stability, but the use of 

alternative, more thermally stable binders is also an option. In this work, a novel Co-Re binder was evaluated for 

thermally stable PCD. Hot-stage XRD confirmed a 200°C delay to the onset of graphitisation in the PCD compared 

to standard Co binder-based PCD, and high-resolution TEM confirmed Re-enrichment at the binder-diamond 

interface. Finally, crack analysis demonstrated the material's suitability for thermally demanding drilling applications. 

Innovative Aspect(s) : 

The sintering of a Co-Re based carbide grade, and its application in polycrystalline diamond (PCD) cutting tool 

manufacture for oil & gas drilling applicationsDemonstrated gain in thermally stability of Co-Re binder-based PCD 

as measured by hot-stage XRD via the delayed onset (at least 200°C) of diamond graphitisation compared to 

standard Co binder-based PCDThermal stability gain also demonstrated in crack inspection comparison between 

Co-Re and Co-based PCD polished cross-sections after thermal treatments up to 10000C (for 1 hour) under 

vacuumHigh-resolution TEM & EDX evidence for the build-up of several Re-rich atomic monolayers at the diamond 

– binder interface, to which the thermal stability improvement is partly attributedCredible performance of the 

resulting novel PCD in granite cutting tests using a vertical turret lathe (pin-on-disc type abrasion test). 
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Title : Introduction Of Carbon Into Sintered Steels By Combining Graphite And Fe-C 

Masteralloys 

Keyword(s) : 

Sintered Steels, Sintering, Carbon, Masteralloys 

Abstract : 

Carbon is typically introduced into sintered steels through admixed fine graphite, the dissolution during sintering 

however being relatively slow. An alternative route would be the introduction via a carbon-rich Fe-C powder 

containing carbon as cementite. In the present study it is shown that already addition of a minor proportion of 

carbon through atomized Fe-4.5%C masteralloy powder activates carbothermal reduction of the surface oxides, 

shifting the CO formation temperature to lower levels, as well as dissolution of graphite in the matrix. This is 

particularly noticeable in steels prepared from prealloyed steel powder Fe-3%Cr-0.5%Mo. The property most 

sensitive to carbon dissolution is the coercive force, which offers the chance to nondestructively characterize this 

important process. 

Innovative Aspect(s) : 

It is shown that in PM steel compacts already a minor fraction of carbon present as cementite accelerates the 

reactions occurring during heating up to sintering temperature, promoting also the dissolution of graphite. This 

offers advantages in particular for systems for which sintering has to be done at moderate temperatures, e.g. to 

avoid unwelcome side reactions. 
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Title : Transformation-induced Plasticity In Additively Manufactured Tool Steel 

Keyword(s) : 

Additive Manufacturing, Transformation-induced Plasticity, Tool Steel, Austenite Stability 

Abstract : 

A significant challenge in the additive manufacturing (AM) of high-performance steels is to promote transformation-

induced plasticity (TRIP). TRIP is a mechanically-induced martensitic transformation of retained austenite distributed 

in a ferritic or martensitic matrix. Austenite stabilisation and retention at room temperature is of paramount 

significance to promote TRIP. In this work, it was discovered that austenite could be effectively retained after AM 

by precipitation of carbides and the formation of bainite during AM. The ultimate tensile strength then increases 

significantly as a result of this metastable austenite's gradual transformation to -martensite under straining, while 

exhibiting a high yield strength. The partitioning of stress and strain, which is constantly changing as the hard 

martensite forms, is the cause of this rise, as revealed by advanced microscopy techniques. 

Innovative Aspect(s) : 

This abstract highlights the following innovative aspects in the AM of high-performance steels with TRIP effect: 

Challenges in AM of high-performance steels tool steels and how to retain an austenitic matrix upon printing, in 

order to promote TRIP effect during deformation. Characterisation of mechanically-induced martensitic 

transformation. Mechanical properties correlation with microstructural features. 
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Germany); Dr Ing Lentz Jonathan (Chair of Materials Technology, Ruhr University Bochum, Germany); Dr Ing 
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Title : An Innovative Approach To The Additive Manufacturing Of High Nitrogen Austenitic 

Stainless Steel 

Keyword(s) : 

Additive Manufacturing, High Nitrogen Steels, Diffusion Alloying 

Abstract : 

Laser Powder Bed Fusion|Metal (PBF-LB|M) shows great promise for industrial applications, but its extended 

production time remains a challenge. To address this, innovative methods such as the shell-core approach have 

been developed. In this procedure, a component is created with a dense outer shell surrounding a core of either 

unexposed or minimally exposed powder, drastically reducing processing time. Full densification and specific 

property adjustment are achieved by subsequent hot isostatic pressing (HIP). This study demonstrates the use of 

shell-core specimens made from a blend of austenitic steel and Si3N4 to produce high-nitrogen steel components 

that are otherwise difficult to produce due to limited nitrogen solubility in the steel melt. During HIP, Si3N4 

dissolves into the austenitic matrix, enriching it with nitrogen and circumventing solubility issues. This results in a 

material with increased strength and potentially improved corrosion resistance due to the beneficial effects of 

nitrogen on steel properties. 

Innovative Aspect(s) : 

This work is the first to exploit the use of the shell-core strategy for targeted diffusion alloying during the 

downstream hot isostatic pressing of additively manufactured steels. In doing so, we offer a new approach to 

producing additive-manufactured stainless steels with N contents above the maximum nitrogen solubility in the 

steel melt, improving mechanical and chemical properties. 
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Title : L-PBF Of Fe-Si6,5% Soft Ferromagnetic Powder: Thin Walls Structures While 

Processing A Complex Material 

Keyword(s) : 

Abstract : 

Fe-Si6,5% is a complex material to print by L-PBF. The brittle phases formed during processing make the material 

sensitive to internal stresses.  The paper shall show the processing issues to obtain a good material health based on 

optical microscopy, defect analysis and classification. The manufacturing of thin walls have yielded better results 

than thick bulk material and various laser melting strategies shall show the trend between single meltpool and 

multiple meltpool thicknesses.  EBSD analysis of these walls shall show the internal grain texture of the wall. 

Furthermore, the magnetic hysteresis cycle of the printed material has been measured using a vibrating 

magnetometer. 

Innovative Aspect(s) : 

The high content of silicon made it difficult to process the material by L-PBF but specific strategies and machine 

setting improve the likelyhood of success. Thin wall structures  are much easier to print with the L-PBF process. 
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Title : Densification Of Metal Powder Extruded AISI 904L To Increase Corrosion Resistance 

Keyword(s) : 

 

Abstract : 

Metal powder extrusion (MPE) of AISI 904L super austenitic stainless steel makes it possible to produce complex 

structures with a higher corrosion resistance compared to austenitic stainless steels such as AISI 304L and AISI 

316L. The initial sintering trials resulted in a porous part with low corrosion resistance. As AISI 904L is a steel with 

austenitic phase through the entire sintering window, densification during sintering was inhibited which resulted in 

the reduced corrosion resistance due to open porosities. This paper will show how to enhance densification in 

order to improve the corrosion resistance closer to the expected level comparable to cast and rolled material but 

with the shaping possibilities of MPE. 

Innovative Aspect(s) : 
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Title : Developing Of A PBF-LB|M Process For Austenitic High Nitrogen Steel Alloy 

Keyword(s) : 

High Nitrogen Steels, Austenitic, PBF-LB|M, Mechanical Properties, Heat Treatment 

Abstract : 

Austenitic high nitrogen steels (HNS) are the material of choice in the aerospace, medical, food, and electronics 

industries due to their unique combination of high strength, ductility and corrosion resistance. Especially for small 

components, the use of additive manufacturing is attractive.In this study, the PBF-LB process was developed for the 

austenitic HNS grade X13CrMnMoN18-14-3. Analysis of key factors such as laser parameters and nitrogen content 

led to an optimized process. Solution annealing ensured a fully austenitic transformation of the unintended duplex 

structure on cost of the fine as-built microstructure. Advanced metallurgical analysis allows discussion of the effect 

of nitrogen content and microstructure on strength, hardness and fatigue behavior. With precise process control, 

the study achieves the desired material properties and contributes to the development of improved materials for 

the PBF-LB|M process, highlighting the versatility of austenitic HNS. 

Innovative Aspect(s) : 

The manufacturing parameters determined in this work allow the material to be processed using the PBF-LB|M 

process for the first time. This makes it possible to directly compare the material properties of the conventional 

manufacturing route and the laser-based additive manufacturing route. The combination of thermodynamic 

calculations, metallographic investigations and thermal post-treatment allows the material to be precisely tuned to 

the required properties. 
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And Mechanical Properties Of Fe7Cr7-xNi4+xTiMo High-entropy Alloys 

Keyword(s) : 

High entropy Fe-based Alloys, Eutectic, Microstructural and Mechanical Properties 

Abstract : 

Eutectic high entropy alloys (HEAs), with lamellar arrangement of solid solution phases, represent a new paradigm 

for simultaneously achieving high strength and ductility, thereby circumventing this well-known trade-off in 

conventional and single-phase HEAs alloys. However, dynamic strengthening mechanisms and phase-boundary 

interactions during external loading remain unclear for these multiphase systems. The large fraction of phase 

boundary significantly impacts plastic flow in these systems. In this study, the microstructure, based on a mixture 

of a majority L12, B2 and a minority of s solid-solution phases, and small-scale mechanical behaviour has been 

evaluated for Fe7Cr7-xNi4+xTiMo (x=0, 1, 2 and 3) high entropy alloys obtained from of mechanically alloyed 

powders by spark plasma sintering (SPS). The use of nanoindentation tests has allowed us to characterize the values 

of hardness, resistance, sensitivity to strain rate and friction coefficient shown by the different B2|L12 ratios 

presented by high-entropy Fe-rich alloys. 

Innovative Aspect(s) : 

Phase-specific nanoindentation tests have revealed higher hardness, sensitivity strain rate and coefficient of friction 

for B2 compared to L12. These results will pave the way for a fundamental understanding of phase-specific 

contribution to bulk mechanical response of high entropy Fe-rich alloys and help in designing structural materials 

with superior fracture toughness. 
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Title : Enhancement Of Hardenability And Performance With Addition Of Master Alloy 

Powder In PM Steels: Effect Of Different Atomisation Techniques 

Keyword(s) : 

Master Alloy, Hardenability, Compressibility, Liquid Phase Sintering 

Abstract : 

In PM steels, alloying through master alloy (MA) addition enables introduction of oxygen-sensitive elements such as 

Cr, Mn, and Si. These elements are cost-effective and sustainable alternatives to replace Cu and Ni to enhance 

hardenability and performance.  This study investigates the atomisation of Fe-Cr-Mn-Si-C MA powders using three 

different techniques: water atomisation, gas atomisation, and gas atomisation-water cooling. The MA powders were 

sieved into two size fractions, and mixes were prepared with Fe-0.85wt.% Mo pre-alloyed base powder and graphite. 

MA powder characterisation, compressibility, and dilatometry-sintering were performed to evaluate the different 

atomisation techniques, the behaviour of MA powder mixes during pressing, and the liquid phase formation at 

various sintering temperatures. The results indicated that MA addition significantly improved the hardenability and 

performance especially after sintering above 1200°C, once the MA melting and alloy homogenisation had occurred. 

Additionally, industrial sintering trials were conducted, and mechanical properties were assessed. 

Innovative Aspect(s) : 

The paper demonstrates the master alloy route to improve the properties of PM components, pressed and sintered 

by using more sustainable materials such as Cr, Mn and Si in the master alloy powder. The paper provides an 

opportunity to select a suitable production route for the master alloy powders. By evaluating how the different size 

fractions of the master alloy powder influences the final PM component properties, right particle size distribution 

of these powders can be used for the application. 

 

Malmö, Sweden 

29 September - 02 October 2024 



 

Reviewer’s name : …………………………………………………………………………………………………………. 

Keynote ☐  Oral ☐  1☐  2☐  3☐  4☐ 

Poster ☐  Poster & Reserve Oral ☐ 

Withdraw ☐  Reason : …………………………………………………………………………………………. 

Notes to author : …………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………... 

 

 

 

Paper Number : M31 
ID : 6281494 

Requested presentation type : Oral Presentation 

 

Topic : Materials Subtopic : Ferrous Materials 

Author : Dr Ing Tekin Tugce (University of Trento, Italy) 

Co-author(s) : Ing Naclerio Francesco (Pontillo Officine Meccaniche & C., Italy); Prof Dr Ipek Rasim (Ege 

University, Turkey); Prof Dr Molinari Alberto (University of Trento, Italy) 

Title : Fatigue Strength Of Heat And Surface Treated Maraging Steel Manufactured By L-
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Keyword(s) : 

Fatigue Strength, Nitriding, Thin Film Coating, Maraging Steel, Laser Powder Bed Fusion, Additive Manufacturing 

Abstract : 

The axial fatigue strength of maraging steel produced by Laser Powder Bed Fusion (L-PBF) and subject to different 

heat and surface treatments was investigated. The following treatments were considered: Solution Annealing and 

Aging (SAT), Direct Aging of the as-built material (DAT), and two surface duplex treatments made of a prior plasma 

nitriding followed by a PVD coating with different nitriding time (C and NC). The fatigue strength of SAT is a bit 

higher than that of DAT steel because of the slightly higher hardness and lower amount of austenite in the 

microstructure.The surface-treated material displays a 40-50% higher fatigue strength than the two heat-treated 

materials, thanks to the surface hardening provided by nitriding. The fatigue behaviour was correlated to hardness 

and in particular to defects observed in the material resulting from the L-PBF process, whose size and position were 

analyzed on the fracture surfaces of all the fractured. 

Innovative Aspect(s) : 

The innovative aspect of this work is the study of the fatigue strength of an 18Ni300 maraging steel manufactured 

by L-PBF after a surface duplex treatment: nitriding followed by PVD. The fatigue strength of heat-treated maraging 

steel is reported in the literature, but only a few works are available relevant to the influence of plasma nitriding. 

Duplex treatments are aimed at improving wear resistance, prior to nitriding having the scope of hardening the 

substrate to be coated. The work shows that on increasing nitriding time, surface hardening increases but the 

content of austenite in the material also increases. The combined effect results in a slight but significant decrease in 

fatigue strength. 
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Title : PBF-LB Processability, Microstructure And Properties Of Advanced High Strength 

Powder Steel 

Keyword(s) : 

Addtive Manufacturing, Ferrous Materials, PBF-LB 

Abstract : 

With the advent of additive manufacturing (AM), there is a need for new materials in the field of structural 

applications. The primary challenge hindering the widespread use of traditional ferrous materials for this purpose is 

the high carbon content (>0.1 %), making processability by AM rather challenging due to the high cracking 

susceptibility of the materials. This study explores the processability of a novel low-alloyed steel powder using 

Powder Bed Fusion - Laser Beam (PBF-LB), the connection between process parameters, and resulting 

microstructure and properties. Developed process parameters allowed to obtain fully dense (~99.9%), and crack 

free specimens over a large processing window. Detailed microstructure analysis was performed using different 

microscopy techniques, revealing the relationship between process parameters and characteristics of the melt 

pools, as well as the resulting fine martensitic microstructure. The mechanical properties of the alloy were evaluated 

using specimens processed with the optimized process parameter set. 

Innovative Aspect(s) : 

This study present an in-depth overview of the processability characteristics of a novel high strength powder steel, 

by characterising the melt pools created during PBF-LB processing. This will allow for its future use as a potential 

material candidate for being used in AM processing. 
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Title : High Strength Martensitic Steel Development For Additive Manufacturing 

Keyword(s) : 

Additive Manufacturing, LPBF, Steel Powder, Alloy Development 

Abstract : 

Globus Metal Powders Ltd (formerly known as Liberty Powder Metals Ltd) was set up in the UK in 2019 to develop 

high performance metal powders for additive and net-shape manufacturing. The paper gives an overview of our 

alloy development programme for additive manufacturing, including powder production, powder characterisation, 

LPBF process development, microstructure, and mechanical properties of a range of high strength martensitic steels. 

Examples including precipitation hardening stainless steels (modified 17-4PH, 13-8Mo) and ultra-high strength alloy 

steel (300M) are provided with details. 

Innovative Aspect(s) : 

New alloy development for additive manufacturing 
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Abstract : 

Sinterhardening is a commonly applied cost effective process for producing higher loaded structural P|M parts. 

Generally, a prealloyed base powder is combined with further external alloying elements such as Ni or Cu in order 

to maintain the compressibility of the base powder. Astaloy®CrS  is a newly developed  low alloyed base powder 

prealloyed with 0,85% Cr and 0,15%Mo. This paper is investigating the mechanical properties after sinterhardening 

of various graphite and Ni additions admixed to Astaloy® CrS . Recommendations of practically suitable alloy 

combinations will be given as a outcome of this investigation. 

Innovative Aspect(s) : 

Sinterhardening guide for a new cost effective Cr alloyed base powder in combination with Ni and graphite 

additions. Practical mix combinations for parts production will be suggested. 
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Abstract : 

The study investigates the optimization of processing parameters for Laser Powder Bed Fusion (L-PBF) in the 

production of AISI420 stainless steel (420SS). The objective is enhancing specific properties of 420SS through 

controlled variations in L-PBF processing parameters. The research focuses on the effect of energy density, laser 

power, scan speed and hatching spacing on the part density, porosity, microstructure, and mechanical properties of 

the as-built samples. The findings reveal that as-built samples with a relative density exceeding 99% utilized energy 

density values ranging from 79.4 to 136.6 J|mm³ and laser power above 150 W. Samples featured porosity levels 

below 0.01%, characterized by uniformly distributed small pores measuring less than 30 µm. The microstructure 

displayed retained austenite phases, with additional presence of martensite phases at the melt pool boundary, 

attributed to rapid cooling process. The microhardness of the as-built samples exceeded 540 HV, surpassing those 

reported for cast 420SS. 

Innovative Aspect(s) : 

The paper provides a processing parameter window set for printing 420SS using laser powder bed fusion that 

achieves full part density. Consequently, the processing parameter window set is studied to provide a strategy on 

how the microstructure and microhardness of the as printed samples behaves and can be controlled. It further 

highlights how laser power, scan speed, hatch distance and energy density can be controlled to achieve the desired 

microstructure and mechanical properties. Consequently, gives a way on how an optimized set of parameters with 

desired properties can be achieved. 
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Abstract : 

The use of boron as a hard phase forming element in cold work tool steels can improve performance, price, and 

environmental considerations all at once. This is achieved by reducing costly and high footprint elements, avoiding 

retained austenite and thus simplifying heat treatment. However, in boron-alloyed tool steels the formation of 

boride networks during casting impairs the mechanical properties. This, in turn, makes the powder metallurgy (PM) 

route all the more interesting and important as well as effective in improving material properties. In this study, we 

present two innovative boron-alloyed PM tool steels that are atomized and consolidated by HIP. Microstructural 

analysis is performed using SEM, EBSD and XRD and dynamic mechanical properties are evaluated. The results 

show that a combination of cost reduction through reduced element content combined with the isotropic 

microstructure of the PM-HIP production route can be achieved while improving mechanical properties. 

Innovative Aspect(s) : 

The path to a sustainable steel industry depends on two main framework conditions. Both energy and raw materials 

must be saved. The approach of boron-alloyed tool steels serves both by saving raw materials through lower alloy 

contents while the same or even better properties are achieved. These properties also enable simplified heat 

treatments, effectively saving energy. 
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Abstract : 

AM materials tend to have a lower toughness compared to those produced using conventional processes (casting, 

forging) [1]. The decrease in impact strength is attributed to the presence of nano-oxides rich in silicon Si and 

manganese Mn on the fracture surfaces [1]. The objective of this work is to characterize the nanoprecipitates in 

both the 316L powder particles elaborated by gas atomization (GA) and in the components manufactured using 

Laser Powder Bed Fusion (L-PBF) with these powders. These two processes (GA and L-PBF) have high solidification 

rates, which could allow to identify the segregation mechanisms of oxide nanoprecipitates. Charpy impact tests will 

be conducted to confirm the influence of these nanoprecipitates on the reduction in impact resistance.[1].Lou, P. 

L. Andresen, et R. B. Rebak, « Oxide inclusions in laser additive manufactured stainless steel and their effects on 

impact toughness and stress corrosion cracking behavior », J. Nucl. Mater., vol. 

Innovative Aspect(s) : 

The study brings attention to the previously neglected impact toughness of 316L stainless steel parts produced via 

additive manufacturing (AM). It underscores the existence of nano-oxides, abundant in silicon and manganese, linking 

their presence to decreased impact strength observed on both fracture and powder surfaces. The research aims 

to explore potential solutions to address this issue, targeting both the powder material and the AM-fabricated 

components. 
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Abstract : 

Additive manufacturing (AM) sinter-based technologies, particularly filament-based material extrusion (MEX) is 

gaining popularity for it's simplicity and cost-effectiveness, making metal additive manufacturing more accessible for 

industrial production. Even though this technique offers flexibility in material choices and great potential for 

fabricating high-quality parts, there is still a lack of research on the mechanical and surface properties of the MEX-

ed H13 tool steel and the influence of the printing setup on them. In the present work, this literature gap will be 

filled by analyzing the tensile properties,  surface roughness, and density of H13 tool steel parts that were 

constructed horizontally and vertically. Additionally, this research investigates the impact of simultaneous printing, 

by comparing the characteristics of H13 tool steel samples that were concurrently and sequentially constructed. 

Innovative Aspect(s) : 

Evaluating the effect of printing parameters on the mechanical and surface properties and porosity content of H13 

tool steel processed via filament-based material extrusion (MEX) additive manufacturing. The MEX-ed H13 tool 

steel tensile and material characteristics are poorly addressed in the available literature. 
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Abstract : 

In order to decrease the negative impact of non-metallic inclusions on the properties of powder steels, the 

possibility of their diffusion dissolution during long-term high-temperature vacuum sintering or post-deformation 

annealing was studied. In the production of steels, iron powders with various contents of impurities were used. To 

decrease the tendency of austenite grains to grow, vanadium was added to the mixture composition. The content 

of carbon and vanadium was varied, as well as the modes of sintering and annealing. Heat treatment was performed 

after hot forging or annealing. The performance of high-temperature sintering or annealing causes a decrease in the 

size of non-metallic inclusions. Near the former particles of inclusions finely dispersed particles of secondary 

precipitates ("satellites") precipitate during the cooling process, which do not have a softening effect on the material. 

The modes of sintering or post-deformation annealing are determined, which provide the minimum sizes of 

inclusions. 

Innovative Aspect(s) : 

A decrease in size of non-metallic inclusions during high-temperature sintering reduces the risk of formation of 

micropores and microcracks at the sites of localization of these inclusions during hot repressing porous preforms. 

On the contrary, in the case of post-deformation annealing, micropores and microcracks that have arisen during 

hot repressing near large inclusions are practically not healed. 
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Title : Production Of High-temperature Structural Materials Using A Slurry-based 

Feedstock Process 

Keyword(s) : 
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Abstract : 

High-temperature materials with low thermal expansion are of interest for various applications such as shields, 

lenses, and microelectronics.Silicon carbide (SiC) is a hard, strong, and thermally conductive structural ceramic that 

retains its properties at high temperatures. Molybdenum refractory metal is another example of a strong corrosion-

resistant material with low thermal expansion.Additive manufacturing of printed pure SiC and Molybdenum parts is 

uncommon. Existing additive manufacturing processes of SiC parts produce porous SiC structures that go through 

a silicon infiltration procedure to produce hybrid silicon-SiC structures. This study demonstrated the production 

of molybdenum metal and SiC ceramics by the MoldJet process, which utilizes a slurry-based feedstock to fill, layer-

by-layer, inkjet-printed molds to produce high-density green parts with a volume density of over 60%.The SiC and 

Molybdenum green parts were debinded and sintered to density volumes of over 99% and 95%, respectively, 

resulting in parts with exceptional properties. 

Innovative Aspect(s) : 

Conventional manufacturing techniques for high-temperature materials have limitations in terms of complexity and 

design freedom. Slurry-based additive manufacturing using high-temperature structural materials such as silicon 

carbide and molybdenum is an innovative new process that overcomes these limitations, enabling the creation of 

intricate, three-dimensional structures with exceptional thermomechanical properties by precise layer-by-layer 

deposition akin to traditional additive manufacturing techniques. The slurry-based nature of the feedstock imparts 

several advantages, including superior stress distribution, reduced thermal stresses, and enhanced material 

properties. This innovative approach paves the way for using slurry-based additive manufacturing as a game-changer 

in the production of high-temperature structural components. 
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Abstract : 

Many applications among aerospace, defence and energy generation require materials being capable to perform in 

high temperature environments. Niobium-base alloys are becoming particularly interesting if the temperatures 

exceed ~1050°C as they are outperforming even the most advanced Ni- and Co-base alloys. Notably, conventional 

production methods for Nb-base alloys are challenging, especially if parts with complex shapes are to be 

manufactured. The use of powder metallurgy e.g. AM, MIM or HIP, opens up new opportunities to produce 

complex-shaped parts economically. However, for these processes the application of suitable high quality powders 

is mandatory. In this context, the production of Nb-base alloys as powder feedstock using the electrode induction-

melting gas atomization (EIGA) is reported. Powders and additively manufactured parts were investigated by X-ray 

diffraction, scanning electron microscopy, mechanical tests, and electro-thermal mechanical testing (ETMT). The 

mechanical performance i.e. strength of parts processed by L-PBF clearly outperforms that of conventionally 

manufactured parts. 

Innovative Aspect(s) : 

AM methods provides access to complex shaped parts capable to perform if the required temperatures exceed 

~1050°C when using Nb-base alloys. Applicable powders have been made available and as a result of intensive 

development of material and in L-PBF process development, the part performance outperforms conventional 

manufactured parts clearly. From this staring point, the alloy development is further optimized to achieve materials 

with even higher temperature performance going beyonf 1400°C. Testing has been improved with Electro-thermal 

mechanical testing (ETMT) to be able to judge materials in the context for their application settings. 
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Abstract : 

Refractory high-entropy alloys (RHEAs) are promising metallic materials for high-temperature applications, due to 

their outstanding mechanical properties at elevated temperatures. In this study, a series of lightweight RHEAs based 

on the Al-Cr-Mo-Nb-Ti-V system were prepared employing mechanical alloying and spark plasma sintering, utilizing 

either hardened steel and ZrO2 balls as grinding media in order to study their effect over microstructure and 

hardness. Both sintered parts exhibited ultrafine-grained microstructures with no porosity at all (densities below 7 

g|cm-3), exhibiting a V,Mo-rich bcc matrix reinforced with Ti-rich carbide particles and nano-sized Al2O3 

precipitates. Fe contamination from hardened steel grinding media caused the formation of Fe,Nb-rich Laves phases 

as well as a considerable reduction of the sintering temperature, while ZrO2 grinding media resulted in Zr-rich 

oxides particles homogeneously distributed throughout the microstructure. Lastly, both samples presented elevated 

hardness, reaching an elevated value of 1067 HV in the case of the first. 

Innovative Aspect(s) : 

The present article presents how the milling media affects the microstructural and morphological evolution of the 

milled powder, but also the microstructure and hardness of the as-sintered part of lightweight RHEAs. Additionally, 

the study reveals how the milling media had a considerable effect on the sintering temperature, showing that Fe 

contamination can acts as a sintering aid in these alloys but still conducting to advanced microstructures and superior 

performance than as-cast RHEAs. At the same time, the article reaffirms the possibility to produce fully-dense 

RHEAs parts with reduced density and ultrafine-grained microstructures by means of the optimization of the 

operational conditions for mechanical alloying and spark plasma sintering techniques. Lastly, the present work 

contributes to a better understanding of the complex composition-microstructure-properties relationship of these 

relatively new advanced materials. 
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Abstract : 

The evolution of additive manufacturing (AM) has sparked a growing interest in using nickel-based superalloys, 

particularly for high-temperature applications above 1000°C. Traditional alloys, intended for casting or wrought 

processes, face challenges in AM due to the rapid heating|cooling rates and multiple melt cycles, resulting in 

compromises to material performance or part design freedom. Here we introduce ABD®-1000AM, a novel high 

gamma prime nickel-based superalloy designed computationally using the Alloys-by-Design (ABD®) approach, 

tailored for high-temperature AM applications. ABD®-1000AM exhibits world leading performance in terms of 

both processing capability as-well-as high temperature mechanical and environmental performance at 1000°C. The 

study discusses the alloy design and development strategy, highlighting the trade-offs in key performance parameters 

and the intricate process-microstructure-performance optimization undertaken to achieve the alloy's exceptional 

creep resistance. Based on the insights gained the future direction of alloy development of superalloys for complex 

AM components is discussed. 

Innovative Aspect(s) : 

New alloy development for Additive Manufacturing: ABD®-1000AM; A high temperature nickel-based superalloy 

with high gamma prime content, computationally designed and exhibiting exceptionnal performance at high 

temperature. 
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Abstract : 

Nickel superalloys due to their good thermal mechanical properties and corrosion resistance are widely used for 

high performance on high demanding applications and industries as space, aviation or (petro-) chemistry. Moreover, 

the processing of this material class is costly due to the raw material and problems related to traditional processing 

techniques as casting, forging or milling (hot cracking, porosity, work hardening or wear on milling tools).Within 

this study the alloy Inconel 718 is processed with Plasma Metal Deposition (PMD®), an additive manufacturing 

process with high deposition rates for large part production. Additionally, the alloy is reinforced with ceramic 

Al2O3 particles that improves the mechanical properties at high temperatures. The weldability is studied. To assess 

the performance test coupons are investigated and analysed with respect to the mechanical properties 

Innovative Aspect(s) : 

This work aims to demonstrate the use of the Plasma Metal Deposition as an additive manufacturing Direct Metal 

Deposition technology using nickel-chromium super alloys powder feedstock reinforced with ceramic particles and 

compare the thermal mechanical properties with thestandard alloy. 
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Abstract : 

The use of molten lead as a heat exchange fluid poses important critical issues, both in terms of corrosion resistance 

and creep resistance, due to the temperatures and structural stresses reached during operation. The objective of 

this work has been the investigation of the corrosion resistance and mechanical properties of new experimental 

compositions of alumina-forming stainless-steel candidates for these applications. The exposures to stagnant liquid 

lead were carried out for 500 and 1,000 hours, at temperatures of 550 and 650 °C, with controlled amounts of 

oxygen dissolved in the liquid lead. In comparison with the AISI 316L and T91 both tested as reference materials, 

the studied alloys showed promising corrosion behaviour and mechanical properties. According to these results, 

the proposed steels are appropriate for components that will operate in liquid lead at elevated temperatures 

without corrosion, while maintaining good mechanical properties. 

Innovative Aspect(s) : 

Over the past few decades, clean energy solutions have emerged that mitigate greenhouse gas emissions. This 

category of clean energy technologies includes concentrated solar power and next generation (Gen IV) nuclear 

reactors. Molten metal coolers with Pb or Pb.Bi are envisaged in both cases. The corrosive nature of liquid Pb is 

one of its main drawbacks. In most cases, steel is protected from corrosion by forming a chromia layer, but at high 

operating temperatures this is not a stable barrier. In many high-temperature and extreme environments, stainless 

steels that form alumina have shown superior corrosion resistance. Therefore, these types of alloys are often 

proposed as material solutions in many high temperature applications, leading to more efficient energy generation 

systems. This is what this work explores, researching a new family of steels capable of forming martensite that 

would improve upon the behaviour of the current ferritic candidates. 
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Abstract : 

The evolution of additive manufacturing (AM) has sparked a growing interest in using nickel-based superalloys, 

particularly for high-temperature applications above 1000°C. Traditional alloys, intended for casting or wrought 

processes, face challenges in AM due to the rapid heating|cooling rates and multiple melt cycles, resulting in 

compromises to material performance or part design freedom. Here we introduce ABD®-1000AM, a novel high 

gamma prime nickel-based superalloy designed computationally using the Alloys-by-Design (ABD®) approach, 

tailored for high-temperature AM applications. ABD®-1000AM exhibits world leading performance in terms of 

both processing capability as-well-as high temperature mechanical and environmental performance at 1000°C. The 

study discusses the alloy design and development strategy, highlighting the trade-offs in key performance parameters 

and the intricate process-microstructure-performance optimization undertaken to achieve the alloy's exceptional 

creep resistance. Based on the insights gained the future direction of alloy development of superalloys for complex 

AM components is discussed. 

Innovative Aspect(s) : 

The evolution of additive manufacturing (AM) technology has sparked a growing interest in manufacturing 

components from nickel-based superalloys for progressively more demanding applications at ever increasing 

temperatures. A critical challenge has been the development of high volume fraction gamma prime (γ') strengthened 

alloys for AM, suitable for applications at temperature of 1000°C or higher, as these are generally considered 'non-

weldable'. Due to the nature of the AM process with high heating and cooling rates and multiple melting and 

solidification cycles, legacy compositions designed with the intent for casting or wrought processes are difficult and 

often uneconomic to process by AM. This leads to compromises in material performance or part design freedom, 

limiting AM’s potential to replace traditional manufacturing in the most demanding environments. In response to 

these challenges, this study introduces ABD®-1000AM, a novel high gamma prime Ni-based superalloy, specifically 

designed using the Alloys-by-Design computational approach to excel in high-temperature. 
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Abstract : 

Molybdenum belongs to the refractory metals group and is one of the target materials for laser powder bed fusion 

additive manufacturing. To correlate the physical and mechanical properties of parts printed using molybdenum 

powders, a comprehensive design-of-experiment protocol was built using a numerical model of the melt pool 

generated in a semi-infinite volume by a moving gaussian heat source. Specimens were printed, post-treated (HIP) 

and characterized at room and elevated temperatures in terms of their density, structure and compression behavior. 

The HIP treatment enabled to increase the printed density by up to 10% and resulted in the material density of 

93%, an ultimate compression stress of 510 MPa (250 MPa at 800°C) and a maximum compression strain of 11% 

(17% at 800°C). Finally, the optimized printing and post-treatment conditions were used to successfully print 

selected geometric features. 

Innovative Aspect(s) : 

Molybdenum is a material of interest for high temperature applications due to its special properties, such as its high 

melting point and low coefficient of thermal expansion. However, shaping molybdenum parts using conventional 

processes is difficult and expensive, which limits their use in high temperature applications. This study aims to 

expand the range of geometries achievable with this material, while limiting the cost of its shaping, by using the laser 

powder bed fusion process. This study contributes to a better understanding of the effects of powder granulometry, 

LPBF and hot isostatic pressing conditions on the specimen properties at room and elevated temperatures, and also 

to produce samples without cracks and parts with complex geometries, including narrow channels and other design 

features. Using a numerical model developed in the framework of this work allowed the process optimization with 

a significant reduction of costs associated with implementation of new LPBF-ready materials. 
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Abstract : 

For refractory metals additive manufacturing of near-net shape parts represents an attractive opportunity, in 

particular for complex geometries. The combination of high melting point, thermal conductivity and brittleness 

represents a challenge for fusion processes. Electron beam powder bed fusion (PBF-EB) facilitates preheat 

temperatures above 1000°C and vacuum processing with negligible oxygen contamination.Elemental tungsten and 

molybdenum were PBF-EB processed to high density from spherical and non-spherical powders. The resulting 

microstructure is characterized by large grains elongated in build direction and texture. Accordingly, the potential 

for the mechanical strength of defect-free PBF-EB refractory metals corresponds to conventionally fabricated 

material in recrystallized condition. The cracking behavior of tungsten tiles under extreme thermal shock was 

analyzed. Generated test geometries include thin-walled components and lattice structures.The Mo9Si8B alloy 

required 1100°C preheat temperature for crack-free processing. The microstructure is fine-grained with coarsening 

in the lower part. Bending strength exceeds 1200 MPa at 1000°C. 

Innovative Aspect(s) : 

The developed PBF-EB process resulted in crack-free refractory metal and alloys with low porosity. For tungsten 

and molybdenum, the possible resolution for thin-walled structures was tested. In the Mo9Si8B alloy a complex 

microstructure and an exceptional high temperature strength were found. 
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Abstract : 

This study focuses on enhancing medium frequency induction melting and holding furnaces by optimizing the dry 

refractory ramming procedure, ensuring sintering method safety, and addressing mechanical and thermal shocks. 

The dry refractory ramming process's critical role in improving furnace durability and thermal stability is explored, 

emphasizing material selection for effective resistance to extreme conditions. Safety considerations for sintering 

methods are detailed, emphasizing the need for stringent protocols to protect personnel and equipment during this 

phase. The study also addresses the challenge of both mechanical and thermal shocks during sintering, proposing 

holistic strategies for minimizing their impact. These insights provide practical guidance for metallurgists and 

operators seeking to maximize the efficiency, safety, and reliability of industrial melting processes. 

Innovative Aspect(s) : 

This study unfolds innovative dimensions in the optimization of medium frequency induction furnaces. A key 

innovation lies in the meticulous refinement of the dry refractory ramming procedure, where a strategic selection 

and application of materials are employed to augment furnace durability and ensure thermal stability under extreme 

conditions. Notably, the infusion of advanced safety considerations into sintering methods marks a pioneering step, 

emphasizing the establishment of stringent protocols to safeguard both personnel and equipment during this critical 

phase. The study further breaks new ground by addressing the multifaceted challenge of minimizing both mechanical 

and thermal shocks during the sintering process. This innovation involves proposing holistic strategies for shock 

management, introducing a comprehensive approach to enhance the overall resilience of the furnace system. These 

groundbreaking insights collectively redefine the landscape for metallurgists and furnace operators, providing a novel 

framework that promises heightened efficiency, advanced safety, and unparalleled reliability in the 

realmMeltingprocess. 
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Abstract : 

In a short timeframe of two decades, high entropy alloys (HEAs) have successfully transcended from the paradigm 

of novel alloying concepts at a laboratory scale to a multitude of critical industrial applications. Furthermore, the 

high-temperature application of HEAs can be significantly enhanced by the novel alloy design for AlCoFeNi based 

alloy system, which has been categorically synthesized by high-energy ball milling to obtain nanocrystalline grain size 

and inherent oxide dispersion strengthening. These as-milled nanocrystalline mechanically alloyed (MA) powders 

can be prevented from grain growth during consolidation if the technique of spark plasma sintering (SPS) is utilized. 

These HEAs have been characterized thoroughly by XRD, SEM, EDS, EBSD, TEM, and DSC to establish the 

structure-property correlation.Therefore, exceptionally high hardness, thermal stability, contamination-free 

microstructure, and phase stability at elevated temperatures can be obtained in AlCoFeNi MA-SPS pellets due to 

inherent nanocrystalline grain size, maximization of the BCC|B2 phase, and oxide nano-dispersoids. 

Innovative Aspect(s) : 

Exceptional microhardnessConfigurational entropy stabilized multicomponent phasesNanocrystalline grain 

structure accompanied by bimodal grain distributionIn-situ oxide dispersion obtained during MAThermal stability 

and phase stability at elevated temperatures BCC and B2 dominated phase constitution with minor FCC 

phaseThorough microstructural characterization by electron microscopy, calorimetry, electron diffraction, and X´-

ray diffraction Resultant HEA alloy design and microstructure designed for high temperature applicationsHEA 

suitable for bond coating in turbine blades of jet engines, heat exchangers, and boilers. 
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Title : Preparation And Properties Of Dense Si2N2O|BN Ceramics Sintered With Al2O3, 

Y2O3 And MgO Sintering Additives 

Keyword(s) : 

 

Abstract : 

Si2N2O ceramic has many interesting properties leading to a wide range of potential applications ranging from 

wave-transparent components and optical wave-guide materials to high-temperature structural materials. 

Moreover, BN addition will improve the dielectric properties, the thermal shock resistance and machinability of 

these ceramics. However, due to its covalent bonds, low diffusion coefficient and decomposition temperature 

around 1700 °C, it is difficult to elaborate dense and pure Si2N2O at low temperature without the use of oxides 

sintering aids. This study focused on the preparation and the characterization of dense Si2N2O|BN ceramics using 

Al2O3, Y2O3 and MgO sintering aids, according to two different compositions. 

Innovative Aspect(s) : 

Dense samples with a 75 mm diameter containing at least 80 wt % of Si2N2O phase were obtained by a reactive 

liquid phase Spark Plasma or Hot Pressing Sintering. The obtained microstructures are homogeneous in all samples 

in terms of grain size and intergranular phase content. A finer grain size and a higher content in Si2N2O phase are 

obtained by Hot Pressing compared to Spark Plasma Sintering. The influence of the sintering aids on the 

microstructure, the physical properties (mechanical properties and thermal properties) and the ablation resistance 

will be reported. 
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Title : Optimizing The Production Process Of NdFeB Magnets 

Keyword(s) : 

Permanent Magnets, Rare Earth Magnets, NdFeB 

Abstract : 

Permanent magnets and especially NdFeB (Neodymium Iron Boron) magnets are one of the most critical 

components in the global manufacture of modern electric motors. The production process of NdFeB magnets 

contains a large number of different procedures, all of which can have an influence on the properties of the end 

product. Although at first glance relatively similar to the classic PM process, the manufacturing route involves some 

special challenges that will be examined in more detail in this paper. Starting with the optimization of the hydrogen 

decrepitation of the base material this contribution will additionally describe the effect of different milling 

parameters on microstructure and magnetic properties, the procedure of dimensionally precise compaction and 

sintering of magnet preforms and the magnetic testing of finished magnets. 

Innovative Aspect(s) : 

The manufacturing process of NdFeB permanent magnets is a complex multi-step production route in which every 

step from melting to final heat treatment can have an impact on the final magnetic properties. The paper will provide 

an overview over the manufacturing process and will focus on some powder related process steps to explain the 

effects of different process parameters on the final magnet properties. 
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Keyword(s) : 

Amorphous, Soft Magnetic Material, SMC, Core Loss, Density, High Pressure 

Abstract : 

This work focuses on the study of increasing magnetic properties of soft magnetic composites (SMCs) made of 

amorphous powder. Amorphous powder was produced by gas atomization and SMCs were made by coating 

particles with an epoxy resin and cold pressed. However, the use of a coating isolating each particle, together with 

the brittleness of the amorphous powder, leads to low density compacts, which reduces the saturation 

magnetization and permeability. To increase compact density, a bimodal mixture of particle size fractions at a specific 

volume percent that maximizes particles packing was used. Additionally, powder cores were consolidated under 

high pressures (1, 1.5 and 2 GPa) to maximize density. Nevertheless, high pressure induces large residual stresses 

which reduces soft magnetic properties and increases power losses. Residual stresses were reduced by subsequent 

annealing. Thus, magnetic properties and power losses were analysed as a function of pressure, particle size fraction, 

resin content and annealing. 

Innovative Aspect(s) : 

SMCs are growing in the market for electrical devices such as inductors and transformers due to their isotropic 

3D-properties, high electrical resistivities and the possibility of produce complex shapes. These properties make 

SMCs a promising candidate to replace existing electrical steels and ferrites for medium and high frequency 

applications respectively. In addition, amorphous materials provide very soft magnetic properties due to the absence 

of a crystal lattice and a high electrical resistivity that reduce Eddy currents. However, amorphous SMCs have some 

drawbacks such as low compact density, magnetic saturation and permeability. In this work, new amorphous SMCs 

were produced by mixing two fraction of particle sizes and consolidated under high pressure (up to 2 GPa). In 

addition, it is studied magnetic properties and power losses of SMCs in function of the resin content, the compaction 

pressure, particle size fraction and stress relief. 
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Abstract : 

The high thermal and electrical conductivity properties of copper positions it as the optimal choice for a diverse 

range of electronic, electrical, and energy components. In applications like thermal management, incorporating small 

and intricate copper structures enhances component efficiency due to an increased surface area. Lithography-based 

metal manufacturing (LMM) facilitates the production of such geometries in a flexible and scalable manner, thereby 

unlocking the potential for innovative commercial copper products. Nevertheless, several challenges need to be 

addressed to manufacture high-quality copper components, ranging from the selection of suitable materials to 

ensuring stability during production and developing optimal processing parameters. This study focuses on evaluating 

the feedstock properties and processability of copper powders from different sources using LMM. Finally, the 

properties of the sintered components are measured to assess their effectiveness in thermal and electrical 

management applications. 

Innovative Aspect(s) : 

As indicated in the abstract, lithography-based metal manufacturing (LMM) can unlock the production of several 

geometries not attainable until now; those geometries, combined with the high thermal and electrical conductivity 

of copper, can lead to components with much higher efficiency in sectors like electronics or transportation. Despite 

initial studies have evaluated the LMM of copper, many aspects need to be investigated before the production of 

high-quality components. Our study explores the LMM of copper powders from different providers, with different 

particle size distributions and quality. By evaluating effect of the powder on the feedstock properties, the 

processability by LMM and the final properties of the components, we provide the powder metallurgy community 

a reference for the powder selection for LMM and other sinter-based additive manufacturing processes. Moreover, 

preliminary designs will be presented to demonstrate the potential of copper LMM. 
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Title : Enhanced Functionality Of Soft Magnetic Composite Cores For Axial Flux Motors By 
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Keyword(s) : 
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Abstract : 

The advancement of electric mobility as well as improvement in the efficiency of home appliances and industrial 

equipment have led to a need for higher performance motors. Axial flux motors (AFM) are attracting attention as 

a motor that meets the need because of their thin structure and high torque compared to radial flux motors. In 

order to realize these AFMs, magnetic cores that are suitable for the three-dimensional magnetic circuit are 

essential. So, we are developing soft magnetic composite cores (SMC) for AFMs with their magnetic isotropic 

properties and high design flexibility in shape. In this study, for ensuring insulation resistance between the SMC and 

the copper winding, we have developed insulate-coated SMC applies a resin coating to the core surface that has 

high dielectric strength and heat dissipation properties despite being thin, several tens of micrometers thick. 

Innovative Aspect(s) : 
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Abstract : 

Soft magnetic composites (SMCs) have gained prominence for compact and powerful electromechanical systems, 

combining metallic functionality with the ability to generate a magnetic field autonomously. These materials, capable 

of generating a magnetic field without external supply, find applications in automotive and aerospace technologies 

to enhance power and withstand mechanical stress, reducing component count, size, and system weight. This study 

delves into the tribological behaviors of two SMC variants produced through powder metallurgy. Employing a 

tribometer in lubricated conditions per the ASTM G-99 standard, wear tests scrutinize the impact of oil 

temperature and applied load. Post-mortem analysis identifies the influence of oil viscosity on SMC operational life, 

with removal mechanisms contingent on load conditions. This research underscores the importance of judiciously 

selecting oil characteristics and load parameters to bolster SMC reliability and diminish maintenance requirements. 

Innovative Aspect(s) : 
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Abstract : 

The prominent nanocrystalline alloy Fe73.6Si15.5B6.9Cu1.0Nb3.0 (at.%) is characterized by superior soft magnetic 

properties such as extremely low magnetic losses. The ribbons produced by melt spinning are conventionally difficult 

to process and thus are only wounded into toroidal cores. To avoid damage of the brittle nanocrystalline ribbons, 

a protective housing is needed, which limits the operating temperature of the wounded toroids to about 200 °C. 

In the publicly funded NanoKompakt project, both issues are addressed by manufacturing nanocrystalline 

components via a powder metallurgical process route using FAST|SPS to compact powder into discs, toroids and 

E-cores. Achieving a homogeneous temperature distribution during the FAST|SPS process is a great challenge due 

to the low conductance of the powder and a narrow temperature range for compaction. Therefore, simulation of 

the temperature distribution during FAST|SPS is needed. Both, process parameters, e.g. pressure and temperature, 

and material properties of powder and tooling are taken into account. 

Innovative Aspect(s) : 

The article describes a new fabrication process for processing nanocrystalline soft magnets using FAST|SPS. Large 

powder flakes are used to achieve significantly higher permeabilities (up to 20,000) than is usual with powder cores. 

These powders only apply a low transverse pressure to the pressing tool, so that it can be designed with very thin 

walls. This improves the temperature distribution during compaction with FAST|SPS.The temperature range during 

compaction to achieve excellent soft magnetic properties is very small, so the temperature distribution in the 

pressing tool is simulated based on the thermal and electrical properties of the used materials. Based on the 

simulation, new pressing tools are designed to produce larger and complex shaped components.The process has 

also already been applied to new types of nanocrystalline soft magnetic alloys with high power density. These require 

a high heating rate during crystallisation in order to prevent grain growth. 
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Abstract : 

Soft Magnetic Composites (SMCs) are a class of ferromagnetic materials used for various applications. At high 

frequencies, eddy current losses contribute significantly to hysteresis losses. To limit these, the electrical 

conductivity of the material must be reduced by alloying and the conduction pathways within compacted parts must 

be avoided. An effective way to accomplish the latter is to create an oxide layer on the powders. However, it is 

more difficult to oxidize pre-alloyed powders. In this paper, a few approaches have been attempted with different 

levels of success. In each approach, oxygen content after each approach was measured as our main output 

parameter. In addition to this, powder surfaces were examined using SEM images to have a closer view of how the 

oxidation methods affected the particles. This study aims to better understand the feasibility of oxidation as a 

coating mechanism for high-frequency applications. 

Innovative Aspect(s) : 

Soft Magnetic Composites are ferromagnetic materials combined with organic or inorganic materials to enhance 

their effectiveness. In this work, three Fe-based alloys (FeSi, FeSiAl & FeNi) will be discussed as interesting materials 

for potential high-frequency applications. Their operability in these conditions depends on low eddy current losses. 

As a result, it is imperative to reduce conduction pathways (metal-metal connections) within produced parts. While 

various organic and inorganic coatings are available, oxide coatings are the simplest option. Pre-alloyed powders 

offer more uniform and homogenous properties than mechanically alloyed powder mixes. However, certain alloying 

elements also increase oxidation resistance. Therefore, we attempt a few oxidation techniques to identify one that 

gives us significant oxidation on our powders. Process effectiveness and reproducibility outside a laboratory setting 

are also considered while selecting oxidation methods. This is an important step for further expansive work in this 

project and for future SMC parts. 
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Abstract : 

Soft Magnetic Composites (SMCs) have various applications due to their properties such as high magnetic 

permeability, low coercivity, etc. From the literature, we know that densification greatly improves these properties. 

Conversely, there are risks such as springback and delamination. In this work, densification attempts of three Fe-

based SMC powder cores (FeSi, FeSiAl & FeNi) are discussed and the influence of different factors (composition, 

binder content & compaction pressure) is shown. After successful parts production, hysteresis tests were 

performed and data from some compacted powder cores are discussed. Results show that each material responds 

differently to compaction, as expected. However, this is not always reflected in magnetic properties. Similarly, we 

also study the influence of adding additional iron to FeSi powder for sample stability and magnetic testing up to a 

range of 100 kHz to ascertain the potential benefits and considerations we must keep in mind. 

Innovative Aspect(s) : 

Soft Magnetic Composites are ferromagnetic materials combined with organic or inorganic materials to enhance 

their effectiveness. In this work, three Fe-based alloys (FeSi, FeSiAl & FeNi) are discussed. These powders are mixed 

with binders, compacted and subject to de-binding before further characterization such as density measurement 

and magnetic testing. To exploit their potential electrical properties better in the future, we must maximize their 

magnetic performance now. Hence, maximum compaction is imperative. This is tricky for powder cores due to 

spring-back. Since the final components are intended to serve at frequencies around 100 kHz, understanding their 

performance is critical. In such a multifaceted discussion, there are also benefits to adding additional iron powder 

despite their well-documented disadvantages. This will also be studied in this examination. This article discusses the 

various responses exhibited by the metal powders mentioned above and paves the way for further work. 
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Title : The Size Effect Of The Strength Of Sintered Nd2Fe14B Hard Magnets 

Keyword(s) : 

 

Abstract : 

Ceramics and intermetallic compounds, e.g. sintered Nd2Fe14B hard magnets, are hard and brittle. The lack of any 

macroscopic plasticity yields to the fact that all defects exhibit its sharpest effect as predicted with the methods of 

the classical Linear Elastic Fracture Mechanics and Neuber’s theory of notch stresses. Residual stresses from the 

processing do not relax. The lack of any peak stress or stress intensity reducing plasticity explains its stronger 

scattering and probability density function’s loss of symmetry. The probability density functions of common ceramics 

are skewed and broader which leads to the need to consider the whole probability density function and to define 

local component strength values. This refers to Weibull’s “weakest link theory”. Two different Nd2Fe14B hard 

magnet grades were tested and corresponding characteristic strength values and Weibull moduli were derived. The 

Weibull moduli can be used to predict the size effect of the strength. 

Innovative Aspect(s) : 
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Abstract : 

The critical grain depth of cut is a grinding metric which controls the transition from a ductile grinding regime to a 

brittle grinding regime and it can be correlated with several material parameters. A ductile grinding regime is 

preferred because it does not damage the bulk material. Intermetallic compounds, e.g. sintered Nd2Fe14B hard 

magnets, are very brittle and therefore prone for chipping defects. The fracture toughness is a relevant factor – 

with a quadratic effect – in the equation of the critical grain depth of cut and controls the required grinding process 

parameters. Anyhow, the conventional plane-strain fracture toughness derivation method with chevron notched 3-

point bending specimens is very expensive due to the needed electro discharge machining procedure to wire erode 

the chevron-shaped notch. As an alternative the indentation based Palmqvist toughness method was applied with 

good results. The derived fracture toughness values are very low but in a reasonable 

Innovative Aspect(s) : 
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Abstract : 

7075 aluminium alloys are common in the aerospace industry and are impossible to print on L-PBF due to there 

hot cracking sensitivity. The approach in this paper shall be to use the Ti PVD coating to add in the grain refiner in 

the meltpool and the microstructure shall be investigate in terms of mechanical properties, presence of defects, the 

impact of standard heat treatment. SEM investigations, Optical microscopy and tensile testing shall be used to show 

how the coating affects the solidification process. The impact of the coating shall have an impact on powder 

dynamics and rheological behaviour. 

Innovative Aspect(s) : 

Most strategies to print 7075 imply add in a grain refiner as a powder with issue of spreadability and homogeneity 

with the bulk base alloy.  The use of PVD coatings on the powder overcome the issues of spreadability and 

homogeneity. 
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Title : Development Of High Strength Ti-Cu Based Alloys With Equiaxed Grain Growth 

Produced Via Plasma Metal Deposition For Aerospace Applications 

Keyword(s) : 
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Abstract : 

The growing demand for titanium alloys, particularly in the aerospace industry, arises from their remarkable 

strength-to-weight ratio. However, the commonly used Ti-6Al-4V (Ti64) alloy exhibits columnar grain growth after 

additive manufacturing (AM), such as powder bed fusion (PBF) or direct energy deposition (DED), resulting in 

anisotropic mechanical properties. To overcome this, Ti-Cu-based alloys were introduced for equiaxed grain 

growth, but their mechanical properties fell short of Ti64. Ternary and quaternary alloying elements (Fe and Cr) 

were incorporated to enhance mechanical properties. Firstly, several alloys (Ti-6.5Cu-xCr-yFe) produced via 

powder hot-extrusion exhibited promising microstructure under light microscopy and SEM. Hardness and tensile 

strength were improved, even exceeding the tensile strength of Ti64. The most promising ones underwent the 

blown-powder Plasma Metal Deposition process (PMD) for in-situ alloying, revealing fine microstructures, equiaxed 

grains, and increased tensile strength. These findings highlight their potential for aerospace applications, presenting 

enhanced isotropic mechanical properties 

Innovative Aspect(s) : 

As additively manufactured Ti-parts are not available for thermomechanical heat treatments, it is important to 

produce equiaxed grain growth right after additive manufacturing in order to receive isotropic properties. The main 

goal of this work was to develop a Ti-based alloy with isotropic properties and mechanical properties matching the 

ones of the standard alloy Ti-6Al-4V. The results show that two alloys result in equiaxed grain growth after a blown-

powder Plasma-Metal-Deposition process and exceed the mechanical properties of Ti-6Al-4V. With these new 

alloys, the material yield of titanium alloys can be increased as the material consumption can be reduced in 

comparison to traditional forging methods. 
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Title : Tribo-mechanical Performances Of Ti3C2Tx MXene Flakes Reinforced Magnesium 

Alloy Composites 

Keyword(s) : 
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Abstract : 

MXenes a novel class of 2D metal carbides and nitrides, have emerged as promising materials for reinforcing 

lightweight alloys owing to their excellent mechanical properties. The efficiency of MXene in enhancing the 

mechanical strength of metallic composites is influenced by the employed manufacturing methods and their ability 

to design highly dense and uniform composites. In this study, we utilised the spark plasma sintering process to 

fabricate AZ91 composites reinforced with Ti3C2Tx MXene flakes. Achieving a uniform dispersion of the powder 

was a key objective, ensuring that MXene particles completely coat the AZ91 powder grains. The interface bonding 

of the two phases of the manufactured samples was then analysed through FIB cross-sectioning for different set of 

MXene fractions. The effect of Ti3C2Tx incorporation on the mechanical strength, ductility and failure mechanisms 

of the composites was assessed through uniaxial compression tests. The tribological properties were investigated 

via in situ SEM scratch experiments. 

Innovative Aspect(s) : 
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Abstract : 

A next generation Al-Sc-alloy (Scancromal® (Al-Cr-Sc-Zr)) was printed using L-PBF technology. Compared to the 

more familiar Scalmalloy® (Al-Mg-Sc-Zr-Mn) the new material concept Scancromal® offers several advantages 

regarding process stability. Focus of the investigation was to explore the potential of such tailored alloy regarding 

maximum productivity utilizing increased layer thickness and laser power.Processing windows for two build layer 

thicknesses: 50 and 100 µm and two laser powers: 370 and 740 W were explored in order to identify parameter 

combinations to create dense (high strength & ductile) material and at the same time achieving highest build rates. 

The most promising combinations were down selected to print additional samples for microstructural and 

mechanical characterization. Samples were analyzed in “as printed” and heat-treated states to enable conclusions 

regarding processing parameters and resulting microstructure in addition to mechanical properties. Therefore, 

tensile properties were evaluated at room and elevated temperature. 

Innovative Aspect(s) : 
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Abstract : 

Additive manufacturing by powder bed fusion – laser beam process can produce parts with complex geometry and 

good mechanical strength. However, most conventional alloys with higher strength are not very well suited for the 

AM process, which has led to the development of new alloy systems. The newly developed Al-Mn-Cr-Zr alloy 

requires an aging process step after printing where several types of precipitates are formed. This is the main 

contributor to the strength of this alloy system. Ultimate tensile strength and Yield Strength reach good levels while 

ductility is on the low side compared to wrought materials in the same performance regime. In the present work 

tensile test bars were aged at 375 oC for different lengths of time. The response in terms of tensile test data, 

fracture surface appearance and microstructure are discussed in the paper. 

Innovative Aspect(s) : 

The major innovative aspect is trying to optimize the heat treatment to improve ductility instead of hardness | UTS. 

Also an innovative aspect is trying to modify the print procerss to ensure that a microstructure is formed that does 

not limit the ductility. 
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Title : Influence Of Oxygen Scavenging On Mechanical And Microstructural Properties Of 

Additively Manufactured Titanium By The Addition Of Lanthanum Hexaboride 
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Abstract : 

In this work, commercially pure Ti was in situ alloyed in LPBF with 1 and 3 wt% LaB6 and TiB2, respectively, to 

study their influence on mechanical and microstructural properties. In samples where LaB6 was added an oxygen 

scavenging effect, associated with the precipitation of La2O3, and TiB formation was observed. In the case of TiB2 

addition, TiB precipitates were found. Compared to TiB2, a lower hardness was observed in samples with LaB6. 

When 1 wt% LaB6 was added, the material showed a lower UTS than samples containing 1 wt% TiB2, but a similar 

elongation. The addition of 3 wt% LaB6 resulted in a decrease in UTS but an increase in elongation compared to 3 

wt% TiB2. 

Innovative Aspect(s) : 

In titanium, interstitial oxygen increases the strength but reduces the elongation. If present in excessive amounts, it 

causes severe embrittlement. In LPFF, depending on the process atmosphere, the oxygen uptake in titanium can be 

tremendously increased due to the process characteristics. With the increase in interstitial oxygen in addition to 

embrittling martensite formation typically occurring in LPBF, producing crack-free parts with balanced tensile 

properties can be even more challenging. With the oxygen scavenging effect of lanthanum, excessive oxygen can be 

removed from interstitials during the process, associated with the formation of La2O3. Using this effect, a higher 

oxygen concentration in the process atmosphere in LPBF can potentially be tolerated, resulting in time and 

monetary savings. 
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Title : Study Of The Change In Scale For The Sintering Of An Aluminium Alloy Powder By 

Spark Plasma Sintering 

Keyword(s) : 
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Abstract : 

Spark Plasma Sintering (SPS) technology is widely used to develop emerging materials with a fine and controlled 

microstructure. The main challenge for an industrial development of the process is to master the scale-up. From 

an SPS perspective, this requires suitable graphite tooling and a sintering cycle that can be applied to large-sized 

parts. Samples with diameters of 60 mm and heights of 10 mm were sintered from an aluminium alloy powder in 

order to reach an optimal densification and microstructure. Then, samples with diameters of 170 mm and heights 

of 15 mm were sintered. Characterisations and numerical simulation analyses were performed to determine the 

effects of the scale-up and to optimize the sintering conditions for obtaining dense and homogeneous materials 

Innovative Aspect(s) : 
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Title : Aluminium Scandium Powder Alloy Development For Hydrogen Storage Valve   
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Spray Forming 

Abstract : 

Scandium additions of typically up to 0.2 wt% in wrought Al alloys are known to improve their mechanical 

performance. New sources and process routes for scandium extraction are now being identified and developed. 

Laser bed powder fusion (LBPF) process is characterized by a rapid solidification, which improves microstructure. 

The rapid solidification allows for a fine distribution of Sc precipitates. For the production of a hydrogen on-tank 

valve, various Al alloy with up to 1 wt% Sc and Zr additions were mixed. For that purpose, powder from an of 

AlSc2 (in wt%) master alloy purchased from Rio Tinto (Canada) was produced and mixed with other elemental and 

alloy powders to obtain the desired composition. With different compositions parts were produced by LBPF, 

characterized with optical microscopy, hardness measurements. Their mechanical parameter were evaluated and 

the results were compared with the state-of-the-art AlSi10Mg alloy. 

Innovative Aspect(s) : 

First aluminium hydrogen valve from additive manufacturing, New scandium source, Sustainable manufacturing, 

More secure scandium supply chain, Improved scandium alloy in terms of hydrogen absorption, Optimized 

processing of components through special tool coating, Materials are manufactured by spray forming, which results 

in both powder and solid material with a very fine structure in one manufacturing process 
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Title : Investigation Of Microstructures And Mechanical Properties Of AZ91 Magnesium 

Alloy Reinforced By Layered Ti3AlC2 MAX Phase 

Keyword(s) : 
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Abstract : 

Magnesium and its alloys seem to be the most promising and next generation material in transportation sector due 

to its high specific strength, good castability and low density. In this study, magnesium alloy (AZ91) metal matrix 

composites (MMCs) reinforced with 0-30vol% of Ti3AlC2 MAX phase were prepared by Spark Plasma Sintering 

(SPS) from powders at temperature close to the solidus. Ti3AlC2 has been previously synthesized using insulated 

SPS technology. Sintered composites reached quasi-full density. Their microstructure has been assessed by SEM and 

X-ray diffraction (XRD) respectively. Mechanical properties in relationship with the microstructure of all 

composites were carefully investigated. Vickers hardness (HV5), ultimate compressive strength (UCS) and 

conventional yield strength (0.2%YCS) increase with an increasing fraction of Ti3AlC2 in the composites and 

compare favorably with literature. SEM observations of fracture surfaces after compression tests seem to show 

that cracks initiate in both Ti3AlC2 clusters and a-Mg|MAX interfaces. 

Innovative Aspect(s) : 
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Abstract : 

Thanks to its high electrical conductivity, durability and malleability, copper is widely used for EV and for electronic 

components. EV use more than double the copper of an internal combustion engine automobile and it is also used 

heavily in EV-infrastructure like charging stations and in electrical grid infrastructure. Sintered Copper components 

could be part of the transition from combustion to electric engine and EV revolution. Pometon, by the experience 

on production of ECP and WA copper, continues to develop improved ready to press products to meet the needs 

of the classical sintering production process for the fabrication of copper components. This new study shows the 

developing of a high purity and highly densifying copper powders in particular improving the usage of the Premixes 

(flowability, comprimibility and dimensional changes) and the conducibility of the sintered parts to obtain the 

chemical, physical and mechanical characteristics needed for E-automotive and electronic applications. 

Innovative Aspect(s) : 

Massive usage of the pure copper premixes (new product) in the classical sintering (old technology) for EV 

applications (new application). Find the right compromize between usage of high purity powder (flowabiltiy, 

compressibility and dimensional changes) and electrical consucibility|mechanical properties of the sintered parts. 
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Title : Microstructure Evolution Of Cu-based Metallic Glasses Between Different Scanning 

Strategies By Laser Powder Bed Fusion 

Keyword(s) : 

Cu-based, Bulk Metallic Glass, Scanning Strategies 

Abstract : 

Additive manufacturing (AM) technologies such as Laser Powder Bed Fusion (LPBF) enable Bulk Metallic Glasses 

(BMGs) production by exploiting high cooling rates and small-scale molten pool characteristics. LPBF theoretically 

offers ideal conditions, but challenges remain. Densification is affected by laser power, scanning speed, hatch 

distance, and layer thickness, nevertheless, among the stacked molten pool, the reheating situation between them 

resulted in heat affected zone (HAZ), causing amorphous-to-crystalline transformation.To overcome these 

processing disadvantages, a two-step scanning strategy, repetitive scanning, is proposed in this study. Initial low-

energy-laser exposure forms an irregular porous structure, enhancing heat conduction, which is expected to 

minimize HAZ. Subsequent high-energy-laser exposure ensures complete melting. The study compares single and 

repetitive scanning strategies, analyzing phase formation, densification, microstructure, and micro-mechanical 

properties through XRD, DSC, SEM|EDS, and nanoindenter tests. 

Innovative Aspect(s) : 
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Title : Aging Treatment Of Selective Laser Melted Alloy 625: Mechanical Strength And 

Corrosion Resistance 
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Abstract : 

Additive manufacturing is nowadays increasingly adopted to produce a large variety of components, especially with 

complex geometries. A deep investigation and optimization of the mechanical and corrosion performance of the 

selective laser melted Alloy 625 is extremely useful to support designers in the transition from the conventional to 

the additive manufacturing technology. Even though the selective laser melting technique is still associated with too 

high production costs and low productivity to enable a broader expansion, it permits to obtain excellent mechanical 

and corrosion properties compared to those of the conventionally manufactured alloy. Despite the additively 

produced material shows outstanding performance already in the as-built condition, aging treatments permit further 

strength improvement enabling possibility of reducing thicknesses, mass, resources consumption and environmental 

emissions. However, the balance between the mechanical and corrosion properties is critical and it requires a 

careful tuning of the heat treatment parameters. 

Innovative Aspect(s) : 

Nonstandard single- and double-aging treatments are investigated and optimized to permit further strength 

improvement and consequently reduce thicknesses, mass, resources consumption and environmental impacts. 
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Title : Study Of The Nanoprecipitation Of Gamma' (Ni3Al) Phase In New Nickel-based Alloy 

For Molten Salt Reactors 

Keyword(s) : 
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Abstract : 

Nickel-based alloys are attractive materials for nuclear industry and in particular for Molten Salt Reactors (MSR). 

They are especially considered for neutron reflectors or heat exchangers. These alloys have many advantages such 

as high mechanical properties at high temperature and good corrosion resistance in chloride salt. A new nuance for 

MSRs is being developed at CEA. This alloy is obtained after consolidation by SPS and by HIP treatment of powders 

obtained by atomization. To resist to irradiation, it is necessary to carefully control the nanoprecipitation in the 

material. This presentation aims to show that the use of different characterization techniques and in particular Small 

Angle X-rays Scattering (SAXS) makes it possible to specify the thermo-mechanical treatments to be carried out 

to obtain the desired state of precipitation in this new alloy. 

Innovative Aspect(s) : 

This material is a new innovant material for MSR developed to answer the challenges such as corrosion salt, 

irradiation damage and mechanicals properties. 
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Abstract : 

Mechanical properties of copper -graphite composites ought to be considered when designing their industrial 

applications in synergy with high electrical and thermal conductivity, low friction coefficient and coefficient of 

thermal expansion.Copper -graphite composites in range of 15-75 vol.% of graphite were densified using SPS 

technology at 900?. Microstructures confirmed certain anisotropy for prepared composites. Random orientation is 

in cross section perpendicular to applied pressure, aligned graphite is in cross sections parallel to applied 

pressure.Compression properties: 0.2% yield stress, compression strength, reduction of height and modulus of 

elasticity were determined. Compression properties of copper-graphite system are nonlinear on composition, with 

increasing graphite volume fraction they are decreasing.Fracture surfaces were investigated. At 15 vol.% of graphite 

fracture is via ductile tearing, with increasing vol.% of graphite, intergranular fracture takes place. Some cleavage 

fracture paths are partially observed. Finally cross properties of compression properties and electrical conductivity 

were investigated. 

Innovative Aspect(s) : 

Mechanical properties of copper-graphite composites are determined by properties of used materials, volume 

fraction of them and final composite microstructure. As copper and graphite do not react due to low solubility of 

them, their mechanical properties depend on the microstructure and mechanical properties of copper and graphite. 

The mechanical properties of copper -graphite composites ought to be taken into the account when considering 

their possible industrial applications in synergy with high electrical conductivity, high thermal conductivity, low 

friction coefficient and coefficient of thermal expansion.The innovative aspect of this work is to determine 

compression properties of copper -graphite composites prepared by SPS. This will enable to investigate the cross 

property connections between compression properties and electrical conductivity. 
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Title : Anomalous Solidification Behaviour Of Ti-Nb-Ta Alloys Under Rapid Cooling 

Conditions 

Keyword(s) : 
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Abstract : 

Processing ß-Titanium alloys via metal additive manufacturing (AM) have high potential to be used for biomedical 

applications, hence understanding their solidification behaviour under rapid cooling is critical.The solidification 

structures of Ti-Niobium-Tantalum (Ti-Nb-Ta) based alloys were investigated under various cooling rates using 

rapid solidification suction casting. An anti-solute trapping effect was determined for a ternary Ti-Nb-Ta alloy. In 

relatively slower cooled samples the microsegregation was in line with Scheil-Gulliver theory, however under more 

rapid cooling, the microsegregation increased significantly. In thermodynamically similar binaries, Ti-Nb and Ti-Ta 

alloys, typical solute-trapping effects were found, where the microsegregation tended towards unity with a 

reduction in casting diameter.The anomalous microsegregation had the effect of stabilizing additional ß-phase 

content of the as-solidified ternary alloy – reducing the otherwise favoured martensitic a’’ content and resulting in 

a dual-phase structure where the dendrites are primarily ß-phase and the interdendritic regions are a’’ martensite. 

Innovative Aspect(s) : 

The high-cooling rate solidification of AM-alloys is integral to the adoption of the technology. This work illuminates 

fundamental knowledge gaps in the microstructure evolution of beta-Ti alloys under rapid solidification conditions. 

This work also shows how this can have macroscopic effects on as-cast parts through alteration of the phase 

content beyond what is predicted by thermodynamic modelling. Detailed understanding of the microstructural 

evolution under rapid cooling will support studies on novel Ti alloy design for AM and other rapid solidification 

technologies, as well as will improve post-processing heat treatment methods. 
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Title : Influence Of Temperature Of Sintering Process Using Spark Plasma Sintering Method 

On The Properties Of Ti0.5Co0.5 And Ti0.65W0.35 Sinters 

Keyword(s) : 
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Abstract : 

The article presents the properties of Ti0.50Co0.50 and Ti0.65W0.35 sinters after the Spark Plasma Sintering 

process. The pressure sintering process was conducted using three different sintering temperatures: for 

Ti0.50Co0.50 - 1100°C, 1200°C, 1300°C and for Ti0.65W0.35 - 1200°C, 1300°C, 1400°C. The process was carried 

out using the following sintering parameters: sintering pressure 35 MPa, sintering time 10 minutes, heating rate 

100°C|min. Ti-Co and Ti-W mixtures were made by wet mixing of metal powders using acetone. After the sintering 

process, the phase composition, microstructure, density, hardness, and electrical conductivity were examined. 

Appropriate selection of the SPS sintering parameters allows obtaining good-quality sinters intended mainly for 

sputtering targets. 

Innovative Aspect(s) : 

The obtained research results are a valuable source of knowledge that can be used when designing the production 

process of Ti-Co and Ti-W alloys for both scientific and utilitarian purposes. The conducted tests of density, 

electrical conductivity, hardness, microstructure, and phase composition allow for the selection of optimal 

parameters for the production of these materials. 
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Abstract : 

The aluminum matrix composites (AMCs) manufactured using additive manufacturing (AM) technologies, such as 

selective laser melting (SLM), exhibit excellent properties like lightweight and high strength. Therefore, it has great 

potential for application in the aerospace and vehicle industry. Among them, the most studied 3D printing AMCs is 

SiC reinforced AlSi10Mg. However, these composite materials are prone to form intermetallic compounds at the 

interface between AlSi10Mg and SiC during the 3D printing, leading to material embrittlement and limited strength 

improvement. In this study, Scalmalloy is used as the matrix, and a low energy density parameter is introduced to 

prevent the formation of intermetallic compounds. By adding different volume fractions of SiC particles, the addition 

limit of the SiC in this system can be explored, and the trend of the strengthening effect can be studied through the 

tensile test results. 

Innovative Aspect(s) : 
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Abstract : 

The study focuses on AlCoCrFeNi high entropy alloy, known for its mechanical and high-temperature properties. 

While conventional melting processes of the equimolar AlCoCrFeNi composition result in a brittle material with a 

BCC|B2 spinodal microstructure, powder metallurgy offers the potential for additional phases and microstructures, 

that can lead to new properties. Pure elemental mixture powders and pre-alloyed powders were investigated, with 

mechanical activation or annealing at 1000°C. Both favored the formation of FCC phase over BCC, with annealing 

having a more pronounced impact. Spark Plasma Sintering at temperatures up to 1100°C further promoted FCC 

phase formation or BCC|FCC transition, primarily located at the prior particle boundaries or grain boundaries. 

Sigma phase precipitation was also observed out of its stability range due to the cooling rate. The study also explored 

the influence of SPS parameters, including pressure, heating rate, and dwell time, on phase transformations. 

Innovative Aspect(s) : 

There are several papers about sintering of this HEA but the obtained alloys present high hardness and low ductility. 

Here we analyzed the influence of all SPS parameters and initial powder influence (phases, microstructures). 

Influence of treatments like ball milling and annealing on initial powder was also investigated. According that, the 

objective is too define new parameters for AlCoCrFeNi sintering in order to promote the formation of FCC phase 

to improve its mechanical properties. A special attention has also been paid on the phenomenons at prior particle 

boundaries. Currently no published paper investigate this aspect. 
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Abstract : 

ODS (Oxide Dispersion Strengthened) steels have been developed as candidate materials for cladding in 4th 

generation fast neutron nuclear reactors for their oustanding performances. Nanoprecipitation has been the most 

studied part of these alloys, but coarse precipitation is known to have a detrimental effect on impact properties by 

occuring at grain or prior powder boundaries.Two ODS 14Cr ferritic steels with different C content (220 ppm vs 

700ppm) were elaborated using Mechanical Alloying (MA) techniques, including ball milling with Y2O3 and TiH2 

powders, followed by a final HIP treatment. Microstructure was characterized using SEM, XRD and SAXS, while 

mechanical properties were determined by impact toughness, creep and tensile tests.Whereas microstructure and 

nanoprecipitation are similar in both materials, coarse precipitation of Cr-rich carbides occurs only in high C 

content alloy. This alloy has higher creep failure time and DBTT, whereas USE (Upper Shelf Energy) is lowered 

Innovative Aspect(s) : 

Nanoprecipitation control and innvovation is nearly achieved in ODS ferritic steels for Sodium Fast Reactors. While 

coarser precipitation is likely to occur in the matrix, it is possible to reduce as much as possible their effect on 

properties. In this study, the challenge was to avoid element contamination (especially C and N pollution) from all 

steps, including powder atomization, ball milling and consolidation. N pollution was limited by working with powder 

under vacuum or Ar flushing. Then, making the comparison between a low carbon alloy and a more conventionnal 

carbon content alloy is possible, attributing effects on carbides precipitation and C presence in the matrix. 
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Abstract : 

In this study, novel high entropy alloys have been produced by using mechanical alloying-powder metallurgy method. 

The high entropy alloys were produced for military applications. Initially, metal powders were prepared by 

mechanical alloying in a ball mill by using 6 mm zirconia balls for 15-20 hours at 400 rpm. Then, the high entropy 

alloy powder mixtures were compacted at about 400 MPa pressure in a hydraulic press, and then the green 

specimens were sintered in a vacuum environment at a temperature of 1250 °C for 1 hour in a horizontal tube 

furnace. Properties of the high entropy alloys were studied by nondestructive eddy current test and ultrasonic test. 

Elastic modulus of the sintered high entropy alloys was characterized by destructive compression tests and non-

destructive ultrasonic tests comparatively. Effect of the mechanical alloying process parameters was determined. 

Innovative Aspect(s) : 

The high entropy alloys specimens were manufactured by mechanical alloying-powder metallurgy method. The 

casting based methods are not suitable to obtain a homogenaeous compositions because of the segregation due to 

the density differences of the alloying elements. High entropy alloys was usually prepared by casting. Due to the 

wide range of alloying elements, it is difficult to obtain high entropy alloys with uniform composition. Although there 

are several studies on the high entropy alloys, there are very limited studies on the effect of the mechanical alloying 

process parameters. 
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Abstract : 

This study investigated the hot pressing of three distinct high entropy alloy (HEA) powder compositions, namely 

CrMo0.5NbTa0.5TiZr (named HEA-01), AlCrMoNbTi (HEA-02) and AlCrFeNiTi (HEA-03). The experimental 

design focused on varying temperature and dwell time, while pressure remained constant. Density was adopted as 

a response, which was assessed through both quantitative (using Archimedes density test with theoretical densities 

as a reference) and qualitative analysis (via microstructural examination). Subsequent hardness testing was also 

performed. It was observed that for HEA-01 and 03, fully-dense parts were achieved in conditions where reactions 

between the constituents occurred, which resulted in squeezing phenomenon during pressing. HEA-02 achieved 

densities above 99% without major squeezing or melting being reported. In any case, the observed microstructure 

was considered heterogeneous. Depending on processing conditions, HEA-01 and HEA-02 reached hardness values 

of 300 ± 11 and 298 ± 33 HV10, respectively, while HEA-03 was measured at 497 ± 23 HV10. 

Innovative Aspect(s) : 

This work combines hot pressing of High-Entropy Alloys (HEA's) — which has not been not as abundantly reported 

as other processing routes (such as e.g. arc melting) — and novel HEA powder compositions, different from the 

ones that are mostly reported (such as Camntor alloy, Senkov alloy, etc.). 
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Title : Influence Of Cr|Ni Ratio On The Formation Of C14 Phases In A Ti7Nb6Cr(4-

x)Ni(1+x)VAl Refractory High Entropy Alloy 

Keyword(s) : 

Refractory High Entropy Alloys, Powder Metallurgy, Hydrogen Storage 

Abstract : 

Refractory Eutectic High Entropy Alloys (RHEAs) with body-centered cubic (BCC) single-phase structures have 

attracted extensive attention in hydrogen storage due to their unique structural characteristics and excellent 

performance. A general observation shows that BCC structures form more stable hydrides than Laves phase-based 

hydrides. In the present study, several Ti7Nb6Cr4-xNi1+xyVAl (x=0,1,2) RHEAs obtained by high-energy 

mechanical alloying were investigated to understand the influence of the Chromium|Nickel ratio on the transition 

from BCC and C14 Laves phase into a single BCC phase. The research was conducted through SEM and X-ray 

diffraction analysis. Additionally, several thermodynamic parameters such as the enthalpy of mixing (?Hmix), size 

difference (d), valence electron concentrations (VEC), and electrons per atom ratio (e|a) have been correlated with 

the experimental data. 

Innovative Aspect(s) : 

For the potential use of HEAs in hydrogen storage, it will be necessary to balance the stability of BCC-C14 Laves 

phases, as the BCC structures enhance hydrogen storage while the C14 phases increase the performance of 

absorption|desorption cycles. Therefore, the present study will provide important insights for the future 

development of HEAs in hydrogen storage technology. 
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Abstract : 

The AlCrFeMnMo HEA shows high hardness properties. In order to further improve its hardness, an AlCrFeMnMo 

HEA matrix composite has been fabricated by hot press sintering of a mixture of pure metallic elements and 

reinforcements powders. During the sintering process, the metallic powders react and form, through diffusion, the 

homogeneous BCC HEA matrix. This original method allows for faster processing of composite materials without 

requiring pre-alloying, thus bringing time and energy gains. Different sintering conditions and post-sintering thermal 

treatments were carried out. Different reinforcements were studied such as alumina or titanium diboride. The 

lattice structure and chemical homogeneity of the HEA matrix have been characterized. The dispersion of the 

reinforcements as well as the interfaces with the matrix were also investigated. The effect of reinforcement was 

evaluated by measuring the mechanical properties such as hardness and compressive strength. 

Innovative Aspect(s) : 

The innovative aspects of this study are mainly the following:   The Fabrication of a new HEA Matrix Composite 

with interesting properties ; The use of a novel less energy consuming and faster fabrication route, consisting in 

producing the HEA and sintering the composite in the same step. 
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Abstract : 

The potential advantage of adding niobium to tungsten heavy alloys owing to its lower thermal conductivity and 

specific heat beneficiary for kinetic energy penetrators is still unexplored. The effect of Nb addition in WHA for its 

sinterability, densification and microstructure attributes is investigated in this study to explore this uncharted area. 

In this study, two different compositions of WHA, 90W – 7:3(Ni:Fe) and 90W – 6:2:2(Ni:Fe:Co), were blended 

with Nb at different concentrations (1.25, 2.5 and 3.75 wt%) followed by compaction and sintering in a reducing 

atmosphere at 1500 oC. The finding suggested larger tungsten grain formation with Nb addition in both the alloy 

compositions along with formation of Nb-oxides and W-Nb intermetallics. Increasing Nb concentration hindered 

sinterability and densification in the Ni:Fe alloy, but an opposite trend was found for the Ni:Fe:Co alloy. This study 

offers insight into using niobium as a promising alloying element in tungsten-heavy alloys (WHA). 

Innovative Aspect(s) : 
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Abstract : 

Renewable energies are a competitive and promising alternative to fossil fuels, as they have remarkable potential to 

convert various sources of energy into electricity without greenhouse emissions. The next generation materials for 

renewable energy should comprise high fracture toughness without sacrificing hardness, and straightway absorbance 

of sunlight, exhibit enhanced magnetic susceptibility, provide higher efficiencies and cost reduction. The quest for 

coveted materials has spawned the idea of novel high entropy ceramics that ideally combine superior features of 

metals and ceramics. As an added value, a bioinspired architecture that mimics mother-of-pearl in these materials 

will contribute to their unusually high fracture strength and reduce reflectivity over a wide range for solar energy 

harvesting. We have produced high purity ceramics at affordable costs from available precursors, with a long shelf 

life by means of an environmentally friendly self-propagating high-temperature synthesis (SHS) with very low power 

consumption, and easy to scale (kg|min). 

Innovative Aspect(s) : 

Nacre-like hierarchic microstructure was bioreplicated in high-entropy ceramics for the first time by means of 

combustion synthesis. 
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Abstract : 

Nitrogen alloyed austenitic stainless steels are known for their corrosion resistance, mechanical properties, and 

stable non-magnetic nature. As long as the nitrogen content remains within certain limits, increasing the nitrogen 

content generally improves all the said properties. However, if the nitrogen content is increased up to a too high 

level, ductile to brittle transition may take place The correct level of nitrogen is determined by other alloying 

elements that can have a role in stabilizing the austenite and increasing nitrogen solubility in the melt during 

manufacturing. In this research, we investigate how to control the nitrogen content of nominally Fe-16Mn-14Cr-

0.27C-0.35N steel during direct energy deposition processing using mixtures of nominal and nitrided powders. An 

emphasis is placed on the corrosion and mechanical properties of the resulting chemical composition and 

microstructure. 

Innovative Aspect(s) : 

Innovative aspect of this study is to be able to control nitrogen content in austenitic stainless steels during direct 

energy deposition processing. By using mixtures of nominal and nitrided powders, the study aims to optimize 

nitrogen levels for corrosion resistance and mechanical properties. Focus is also on avoiding the ductile to brittle 

transition that occurs at excessively high nitrogen levels. The research presents how the nitrogen levels can be 

controlled during manufacturing and also emphasizes the consequential impact on microstructure and corrosion 

resistance. Study offers potential advancements in the manufacturing of nitrogen alloyed austenitic stainless steels 

with improved properties, and therefore enhanced materials in various applications. 
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Title : Influence Of Powder Moisture On The Quality In Laser Beam Powder Bed Fusion 

(PBF-LB|M) 

Keyword(s) : 

AlSi10Mg, Powder Moisture, PBF-LB|M, Quality, Humidity 

Abstract : 

The impact of powder moisture on the quality of additively manufactured parts through laser beam powder bed 

fusion (PBF-LB|M) is investigated in this study. Pre-alloyed AlSi10Mg powder was artificial moistened by aging it in 

a climate chamber under regulated conditions of relative humidity and temperature. Various powder batches, 

ranging from 85 ppm to 1767 ppm water content, were prepared and processed by PBF-LB|M using diverse sets of 

process parameters. The printed specimens were examined for relative density, mechanical properties, hydrogen 

and oxygen content.The findings demonstrate a correlation between the moisture content in the powder and both 

mechanical properties and H- and O-content. Notably, a decline in the quality of printed AlSi10Mg specimens is 

observed when the moisture content exceeds 189 ppm water content in the powder. This study sheds light on the 

criticality of moisture in powder, providing valuable insights for ensuring the production of high-quality additively 

manufactured components. 

Innovative Aspect(s) : 

The industrial and scientific community has noticed a negativ behaivour of moistured metal powder onto the 

mechanical properties of parts additivley manufactured with laaser beam powder bed fusion. However, a 

comprehensive study of the impact of moistured powder onto the quality of printed parts and the effect on the 

PBF-LB|M process was missing. This study for the first time used controlled moistened powder to analyze the effect 

and mechanisms on the part properties. With the measurements of the resulting H- and O-content in the printed 

parts the mechanism of the reduction of mechanical properties can be reconized. The results highlight the 

importance of the quality control of the moisture in AM-metal powders and will help the AM community to ensure 

high-quality AM parts. 
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Title : Size-Dependent Microstructure Of Electron Beam Melted Ti-6Al-4V Alloy 

Keyword(s) : 
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Abstract : 

The Powder Bed Fusion (PBF) techniques allow for the production of complex-shaped components, yet geometric 

variations lead to varying mechanical properties within the fabricated structures. Despite employing the same 

manufacturing process, specimens of different sizes exhibit distinct microstructures. This study compares the 

microstructures of Electron Beam Melted (EBM) Ti-6Al-4V samples with build diameters of 6, 7.5, and 15 mm by 

examining alpha (a) phase thickness, dislocation densities, and hardness. Lattice parameters of phases and dislocation 

densities in the specimens are compared through X-ray diffraction (XRD) analysis. Notably, the study finds that a 

phase thickness increases with an increase in build diameter. The results demonstrate that size-induced differences 

in microstructure led to variations in mechanical properties. This highlights the crucial need to consider size effects 

in the design and assessment of complex PBF-fabricated structures. 

Innovative Aspect(s) : 

Witness samples are frequently used in various studies and manufacturing procedures to assess the final mechanical 

characteristics of a part produced through Powder Bed Fusion techniques. However, this practice increases the 

unnecessary use of alloy powder, resulting in adverse effects on the environment, cost, and time. Alternatively, 

without the requirement for destructive mechanical tests, the regional mechanical properties can be predicted by 

analyzing the traces of geometric differences in the final microstructure. The study examines the thickness of alpha 

phase, dislocation densities, and hardness to reveal the complexities of size-related impacts of Electron Beam Melted 

Ti-6Al-4V samples. The detailed examination of X-ray diffraction (XRD) helps in understanding the variations in 

lattice parameters and dislocation densities that are dependent on size. The study's novelty is found in its 

investigation of how these features directly impact the mechanical properties, highlighting the essential need to take 

into account the effects of size. 
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Title : Influence Of Powder Characteristics On Mechanical Behavior Of Additively 
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Keyword(s) : 
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Abstract : 

Powder quality is a critical processing parameter in powder-based metal additive manufacturing that can affect both 

the processability and mechanical properties of the manufactured parts. While commercially available powders 

come in various shapes, sizes, and distributions, it is essential to understand the impact of these powder 

characteristics on the finished product. This study investigates the correlation between powder characteristics and 

stress-rupture behavior of IN718 alloy. Test samples were fabricated using laser powder bed fusion (L-PBF) with 

powders of varying characteristics. The results indicate that the samples fabricated with powder of optimal 

characteristics contained fewer microstructural defects resulting in a significant 13-fold improvement in rupture-

life. The aim of this article is to discuss these powder effects and provide a basis for producing final components 

with consistent mechanical properties. 

Innovative Aspect(s) : 

Powder effects on high-temperature mechanical properties of additive manufactured alloys are reported. 
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Abstract : 

The PBF-LB processability of pure Cu pose significant challenges due to the high laser-reflectivity and thermal-

conductivity of this metal. Near-IR lasers are widely considered not suitable for processing Cu, unless high power 

is employed, limiting the accessibility to Cu. In this work, we investigate a disruptive approach to improve Cu 

processability by using a low-power (200W) near-IR PBF-LB|M system, which is based on the Ag-coating of Cu 

particles that were heat-treated at 500°C|600°C to promote diffusion at the coating interface. Pure Cu and coated 

powder were processed by PBF-LB|M to produce bulk samples. Microstructure analysis was performed by SEM, 

EDX, and XRD. It was observed that the Ag layer has a positive effect on the laser processability of Cu. Almost 

fully dense materials (>98%) were achieved due to the formation of a Cu-Ag eutectic network able to heal pores 

and defects during solidification. 

Innovative Aspect(s) : 

The near-IR PBF-LB at low power is difficult due to the high reflectivity and thermal conductivity of Cu. 

Manufacturing of fully dense Cu parts with conventional PBF-LB systems is challenging.Cu powder particles were 

coated with a thin layer of Ag to improve their PBF-LB processability. The functionalization of Cu powder with Ag 

is a novel approach, highly scalable, that has never been studied so far.This work sheds light on the ability of Ag 

layer to heal pores and defects during solidification of Cu. 
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Keyword(s) : 

Additive Manufacturing, Electron beam Powder Bed Fusion (EB-PBF), GRCop-42, Microhardness, Microstructure 

Abstract : 

GRCop-42 samples were additively manufactured by varying the electron beam powder bed fusion (EB-PBF) process 

parameters in a volumetric energy density (VED) range from 112.9 – 213.3 J|mm3: laser scan speed was varied  

from 450–850 mm|s, while voltage, power, line-offst and layer thickness were fixed parameters, to study their 

influence on the density, melt pool structure, and microstructure. Under the optimal conditions, the microhardness 

of the GRCop-42 samples achieved the highest value of 112.4 ± 5.8 HV. In addition, the microstructural evolution 

as a function of VED variation on additive manufactured GRCop-42 samples was examined using scaining electron 

microscopy (SEM) and X-ray Diffraction. From the microstructure observation, Cr2Nb precipitates, formed in the 

alloy during the printing process, reinforce the Cu matrix by preventing dislocation motion and impeding grain 

development. 

Innovative Aspect(s) : 

This study demonstrates the use of innovation in GRCop-42 sample additive manufacturing by carefully examining 

the parameters of the electron beam powder bed fusion (EB-PBF) method. Interestingly, the study maintains other 

parameters constant and systematically modifies the laser scan speed within a given range, providing a detailed 

analysis of its effects on density, melt pool structure, and microstructure. This comprehensive approach adds greatly 

to developing additive manufacturing methods and understanding material behavior, marking a remarkable step 

forward in the area. These GRCop alloys with exceptional oxidation resistance were created specifically for 

regeneratively-cooled combustion chambers and nozzles in severe situations. Consequently, the creation of 

GRCop-42 for use with combustion devices for liquid rocket engines. 
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Title : Experience In AM & HIP Of Ni-based Superalloys 

Keyword(s) : 

Additive Manufacturing, PBF-LB, Nickel Base Superalloys, Hot Isostatic Pressing 

Abstract : 

Industrial sectors such as aerospace, industrial gas turbines are transforming by using powder bed fusion – laser 

beam (PBF-LB) process for making critical parts in nickel base super alloys. The performance requirements on these 

parts are very strict and process defects must be minimized and under control. All process steps must be optimized 

in order to reach the required quality goals. In this study the properties of additively manufactured nickel base super 

alloys are examined. The influence of print process, as well as post processes like heat treatment and hot isostatic 

pressing and the combination of the last two on the mechanical properties and on the microstructure was examined. 

Tensile tests, Impact test and Hardness were evaluated, and the microstructures were examined in light optical 

microscope and in SEM. 

Innovative Aspect(s) : 

Increase robustness and reliability of additive manufactured components by postprocessing.Combination of 

postprocessing operations (HIP + Heat treatmet) for increased productivity.Optimise the microstructure for 

desired mechanical properties. 
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Abstract : 

While laser powder bed fusion (PBF-LB) technology holds significant promise for integration into industrial 

manufacturing workflows, it still faces challenges related to low production rates. The adjustment of process 

parameters, such as the utilization of heightened values for layer thicknesses and scanning speeds, proves effective 

and cost-efficient in enhancing productivity in the LPBF process. However, ensuring the retention of appropriate 

properties poses challenges that necessitate further studies. Another obstacle arises from the elevated level of 

spatters due to the intensified energy density required for increased layer thicknesses. This study delves into the 

feasibility of this approach in enhancing productivity in PBF-LB for Inconel 718 components, encompassing inclined 

features. The investigation includes various aspects such as relative density, surface roughness, microstructure, 

spatter formation, and mechanical properties. Optimal process parameters have been determined for different layer 

thicknesses, extending up to 120 µm, with corresponding adjustments tailored for downfacing surfaces. 

Innovative Aspect(s) : 

Including challenging features, such as down-facing surfaces, in the test geometries to replicate real-world situations 

in productivity analysis; Analyzing spatter formation, a crucial factor in scaling up production from test geometries 

to actual components. 
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Title : Hybrid And Multimaterial Production Of A Check Valve Combining Laser Powder 

Bed Fusion And Directed Energy Deposition Technologies 

Keyword(s) : 
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Abstract : 

Extensive research is currently done on microstructure and mechanical property characterisation of metal additive 

manufacturing technologies. However, there remains a limited focus on the combination of these technologies. This 

study addresses this gap by combining laser powder bed fusion (LPBF) and directed energy deposition (DED) 

technologies to produce a check valve. The interior of a valve requires high corrosion resistance which can be 

obtained using In718, while the exterior benefits from intermediate mechanical properties, specifically using 316L. 

From the consolidation side, LPBF allows the production of small complex features and DED offers a higher 

production rate and the possibility of tailoring compositions and mechanical properties.The interface quality and 

microstructure of different multi-material combinations were studied in this work. Tensile properties were 

investigated of hybrid multi-material parts to select the best combination. In addition, the production route for 

producing a multi-material check valve combining LPBF and DED was developed. 

Innovative Aspect(s) : 

Different multi-material interfaces are produced between 316L and In718. Besides muti-material interfaces, LPBF 

and DED technologies are combined to increase the production flexibility of AM. The production route for 

producing hybrid and multi-material check valve is described. 
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Abstract : 

Laser Powder bed Fusion is a strong process enabling the on-demand production of components with complex 

geometry and high added value. Despite its strengths, there are still significant challenges to fully understanding the 

interaction between laser and powder.The interaction between laser and material differs significantly between single 

tracks and multiple tracks. In a single track, the laser only interacts with the powder. In contrast, for multiple tracks, 

the laser interacts also with the previously laid tracks. This underscores the inadequacy of characterizing only a 

single track for a comprehensive understanding of the interactions between laser and powder. Moreover, previous 

analyses show a focal shift that cannot be neglected on the machine used. Hence, this works aims at characterizing 

the melt pool during the formation of a single and multiple tracks with 316L powder material. The consequence of 

the focal shift is observed and measured. 

Innovative Aspect(s) : 

In this paper, the innovative aspect is the characterization of laser spot due to focus beam profiler and the effect of 

laser focal shift on final characteristic of the final bulk material. A thorough study of the laser used for this study 

revealed a significant focal shift. Because of the heating of the elements in the optical path, the laser focal point 

tends to shift and reduce the focal distance during sintering of the powder layer. Indeed, the beam size and its 

energy distribution evolve quickly as a function of time. For a fixed working distance, the state of the laser beam is 

very different. This results in an important during the process and therefore influences the formation and integrity 

of the single tracks. 
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Title : Alloying Concepts For Grain Refinement And Grain Boundary Engineering In Powder 
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Keyword(s) : 
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Abstract : 

The Powder Bed Fusion - Laser Beam (PBF-LB) technology enables the production of complex-shaped components 

that surpass the limitations of other manufacturing methods. PBF-LB is, therefore, ideally suited for producing 

functionally optimized components in novel high-tech applications, especially for high-performance materials such 

as tungsten (W).The disadvantage of PBF-LB-manufactured W components is that they show a coarse-grained, 

columnar microstructure which is prone to cracking, preventing them from competing with conventional powder 

metallurgical components. To suppress the formation of such an unfavorable microstructure, it is necessary to adapt 

the material to the unique solidification conditions of the PBF-LB process.In the present work, different alloying 

concepts are investigated, firstly to induce grain refinement and thus suppress the formation of a coarse-grained 

microstructure and secondly to purify the grain boundaries from impurities and thus prevent the formation of 

cracks. Both the theoretical foundation and experimental results are shown. 

Innovative Aspect(s) : 

Presentation of different alloying strategies to counteract the main defect-initiating mechanisms in PBF-LB of W 

Discussion on the mechanism of grain refinement Discussion on the mechanism for the purification of grain 

boundaries 
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Title : Application-Driven Intelligent Scan Patterns In Additive Manufacturing 
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Abstract : 

This study concentrates on leveraging a distinctive feature of the 3D printing technology known as toolpaths to 

produce magnets essential for applications in electrical machines, notably motors and generators. Delving into the 

powder bed fusion branch of 3D printing processes, the focus extends to two primary magnet categories: NdFeB 

(integral for rotor applications in energy conversion and electronic devices) and FeSi (deployed in both rotor and 

stator cores). Employing artificial intelligence-based scan patterns for each layer, the study aims to optimize thermal 

and stress distribution through laser powder bed fusion (LPBF) technologies. The investigation meticulously 

elucidates the microstructure evolution and phase selection, highlighting the significance of solidification parameters 

influenced by scan patterns. Despite yielding identical relative densities, different scan patterns engender varying 

structural features, thereby impacting magnetic properties. Applying a targeted scan pattern mitigates losses, yielding 

superior magnetic properties compared to conventional methods and laser powder bed fusion (LPBF). 

Innovative Aspect(s) : 

OptiFab is showcasing an AI-powered platform that generates scan patterns and optimizes each individual layer in 

order to minimize the part deformation and decrease dependence on design-oriented aspects throughout the 

process. 
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Title : Laser Powder Bed Fusion And Directed Energy Deposition Of A Novel Hot Work 

Tool Steel : A Comparative Study 

Keyword(s) : 
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Abstract : 

To address the challenges in processing of medium-carbon hot work tool steels by laser based additive 

manufacturing (AM), a recently developed hot work tool steel with improved processability was processed by both 

laser powder bed fusion (L-PBF) and laser directed energy deposition (L-DED). Microstructure and phases in as 

built (AB) and quenched (Q) states were compared for both processing routes. Hardness, impact toughness, 

tempering- and thermomechanical softening resistance, and nitriding response, after direct double tempering from 

AB condition (ABT) and quenching and tempering (QT) were measured and assessed. Properties were then 

compared with those of AM-, as well as wrought- AISI H13 hot work tool steel. The results suggest the new steel 

exhibits comparable mechanical and thermomechanical properties to H13. Finally, practical case studies of repair 

of tools in H13, using the new tool steel (L-DED), and production of relatively large molds with complex geometries 

(L-PBF) was demonstrated. 

Innovative Aspect(s) : 

The research aims at developing leaner tool steels with improved processabilty by Laser based additive 

manufacturing methods. 
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Keyword(s) : 
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Abstract : 

Processing carbide-rich tool steels with laser-based powder bed fusion is challenging as cracks occur frequently. 

Substrate plate preheating is commonly applied to improve the processability as the temperature gradients are 

lowered and stresses reduced. The modified temperature gradients alter the microstructure formation of the alloy. 

In this study, a carbide-rich tool steel was processed at RT, 500°C and 800°C substrate plate preheating which lead 

to different precipitated carbide and retained austenite contents. The high substrate plate heating of 800°C 

significantly reduced cracking of the alloy and a fully martensitic microstructure was obtained. In the samples built 

at RT or 500°C, the lower diffusion hinders carbide precipitation and thus leads to austenite stabilization. These 

specimens show cracks despite their higher retained austenite contents. Here, the retained austenite has a high 

hardness, and therefore it is assumed that it is distorted, brittle and thus cannot prevent crack growth within the 

specimens. 

Innovative Aspect(s) : 

Retained austenite is often referred to as beneficial for processing alloys that are prone to cracking. This study 

shows that in this case the retained austenite is not able to compensate the stresses within the alloy and that it is 

more advantageous to achieve a martensitic microstructure during cooling after the process than by trying to 

improve processability via a high retained austenite content. 

 

Malmö, Sweden 

29 September - 02 October 2024 



 

Reviewer’s name : …………………………………………………………………………………………………………. 

Keynote ☐  Oral ☐  1☐  2☐  3☐  4☐ 

Poster ☐  Poster & Reserve Oral ☐ 

Withdraw ☐  Reason : …………………………………………………………………………………………. 

Notes to author : …………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………... 

 

 

 

Paper Number : C18 
ID : 6277112 

Requested presentation type : Oral Presentation 

 

Topic : Consolidation Technologies Subtopic : AM Beam Based Technologies 

Author : Ing Felicioni Stefano (Politecnico di Torino, Italy) 

Co-author(s) : Dr Vanzetti Matteo (Politecnico di Torino, Italy); Prof Padovano Elisa (Politecnico di Torino, Italy); 

Prof Bondioli Federica (Politecnico di Torino, Italy) 

Title : Advanced Analysis Of Cu-Cr-Zr Alloy Obtained By Electron-Beam Powder Bed 

Fusion: Microstructural Insights And Precipitation Behaviour 
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Microstructure, TEM, SEM 

Abstract : 

A comprehensive characterization of microstructure and mechanical properties of CuCrZr alloy processed by 

electron beam powder bed fusion (EB-PBF) was conducted to explore the impact the thermal history of the material 

has on printed part properties. In fact, this technology requires a careful control of the thermal evolution underwent 

by the material during the manufacturing process because it significantly affects the crystallographic texture and the 

grain morphology. Nearly fully dense samples with a relative density up to 99.77±0.04% was successfully obtained. 

The as-built samples exhibit an anisotropic trend for the horizontal and vertical planes, which is independent of 

energetic input and specimen defects. Huge microstructural transformation coincides with the precipitation and 

segregation of specific chromium-rich species, driven by the elevated thermal conditions during the deposition. To 

identify and quantify the precipitations within the microstructure, scanning and transmission electron microscopy, 

along with X-ray diffraction were used. 

Innovative Aspect(s) : 

The present investigation offers novel insights into the feasibility of processing the system without relying on the 

essential post-processing heat treatment typically associated with this material. This alloy, specifically engineered 

for utilisation in high-temperature environments, confronts the inherent challenge of precipitation clustering. The 

complexities of high-temperature processing simulate the operational conditions of the component. Therefore, an 

in-depth understanding of the precipitation mechanism not only serves as a valuable guide for anticipating potential 

issues, but also provides essential information for predicting the material's behaviour under operational conditions. 
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Abstract : 

This study aims to optimise post-processing heat treatment methodology of 18Ni(300) Maraging steel manufactured 

via Laser Powder Bed Fusion (L-PBF). This is achieved by understanding the effect of post-processing heat treatment 

on the microstructural evolution and mechanical behaviour of LPBF 18Ni(300) Maraging steel in comparison to 

conventionally manufactured 18Ni(300) Maraging steel. In-depth materials characterisation was carried out using 

X-ray diffraction (XRD), optical and scanning electron microscopy (OM| SEM), and transmission electron 

microscopy (TEM). Resultant changes in mechanical properties determined via compression and hardness testing 

were linked with precipitation kinetics (formation, size, and distribution of secondary phases), process-induced 

porosity and micro-strain levels. Based on conventionally produced 18Ni(300) steel as a control and baseline, a 

novel heat treatment methodology has been developed for AM maraging steels. 

Innovative Aspect(s) : 

18Ni(300) maraging steels belong to an exclusive class of ultra-high-strength low-carbon steels. Because of their 

high strength, toughness, and weldability, they are widely used in tool|die industry. Using L-PBF instead of 

conventional processes for producing maraging steel components has become more important due to its ability to 

produce complex and precise geometries in one step and reduce production costs, waste material, and time. 

Currently, there are several studies on L-PBF 18Ni(300) maraging steel focused on improving mechanical properties 

to be in similar levels to conventional ones by optimizing the post-processing heat treatment. There is a optimised 

post-processing heat treatment for conventionally produced maraging steels however according to recent studies 

there is considerable scattering in published data concerning the post-processing heat treatment recommended for 

L-PBF 18Ni maraging steel due to the variation in processing conditions. Therefore, developing a novel heat 

treatment methodology for L-PBF 18Ni(300) maraging steel is crucial. 
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Keyword(s) : 
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Abstract : 

The mechanical properties, especially the strength of a component under cyclic loading, depend on factors such as 

the chosen material, component geometry and manufacturing history. In Laser Powder Bed Fusion (LPBF), metal 

powder is deposited and selectively melted using focused laser radiation. The properties of additively manufactured 

components exhibit a strong dependence on process-related conditions, such as component position and 

orientation within the build space, or the chosen process parameters. In particular, the density, type and distribution 

of defects show a significant variability depending on parameter selection, which in turn has a notable impact on the 

mechanical properties of the components. Present work focuses on fatigue strength, as many mechanical 

components undergo cyclic stress, which is particularly sensitive to internal defects. Especially the position on the 

build platform shows a significant impact on the mechanical properties. 

Innovative Aspect(s) : 

Additively manufactured components, unlike conventionally produced ones, offer several advantages such as 

increased geometric freedom and reduced material consumption. However, to fully harness these benefits, it is 

important to understand the failure mechanisms inherent in this relatively novel manufacturing technology. This 

knowledge is essential for designing and calculating components for use under cyclic loading. This study elucidates 

the failure mechanisms of components produced using this additive manufacturing technology, aiming to ensure 

their future designs are robust and secure. 
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Abstract : 

Multimaterial additive manufacturing allows to obtain near-net-shape components with local customized properties. 

Combining different alloys, significant increased life service, functionality and cost savings are to be expected if 

mechanical, thermal, electric|magnetic properties can be tailored to specific demands. The laser DED technology 

provides with a natural environment for multi-material manufacturing with steels and high performance alloys. They 

can be mixed along the process with custom mixing ratios, although this is usually performed by developing 

compositionally graded interfaces between different materials. As when processing single alloys, laser DED deposits 

often suffer from known detrimental features as porosity, micro-segregation, cracks and|or directional grain growth. 

In this work this features will be examined in compositional graded A316L|Inconel 625 laser DED samples 

manufactured with powders from different providers. It will be analysed whether the morphology or minor 

elemental composition of the powders might influence the microstructure and mechanical characteristics of the 

deposited material. 

Innovative Aspect(s) : 

Features as the porosity, micro-segregation and directional grain growth of the metallic deposits obtained will be 

compared.But AM offers a unique feature: which is the capability of producing multi-material parts. This means that 

the final AM product would not only be a near-net-shape component but also had local customized properties, 

adapted to specific needs. The ability to readily combine metallic| metal-ceramic|ceramic materials in a single piece 

will deploy all its benefits when applied to high demanding industries. Significant increased life service and 

functionality is to be expected in components if mechanical, thermal, electric|magnetic properties can easily be 

tailored to specific demands. Obvious examples could be the combination of hard ceramics for thermal and wear 

resistance with structural metals easily machined. Or high performance and expensive alloys combined with cheaper 

support materials.The laser DED technology provides with a natural enviroment for multi-material manufacturing 

with high performance alloys.  
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Abstract : 

This study examines the laser deposition process for functionally graded WC-Ni metal matrix composites, 

employing in-flight powder mixing to concurrently incorporate tungsten carbide (WC) and a nickel-based alloy. The 

research systematically assesses how variations in WC percentage and deposition strategy impact the resulting 

microstructure and mechanical properties of the fabricated composites. 

Innovative Aspect(s) : 

The present study focuses on the laser deposition of functionally graded WC-Ni metal matrix composites, 

employing advanced Additive Manufacturing (AM) Laser-DED technology. Noteworthy innovations include the 

exploration of multimaterial capabilities, allowing the simultaneous integration of tungsten carbide (WC) and a 

nickel-based alloy. The introduction of in-flight powder mixing enhances homogeneity, contributing to improved 

integrity and performance. Graded deposition strategies, featuring variations in WC percentage, offer controlled 

transitions in material properties, presenting opportunities for tailored mechanical and tribological characteristics. 

Beyond the fabrication process, the study emphasizes practical applications, particularly in wear and tribocorrosion 

resistance. Overall, these innovations advance material design possibilities and hold promise for diverse applications 

requiring specialized metal matrix composites 
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Abstract : 

In laser powder bed fusion, the quality and material properties of the built part depend on process parameters such 

as the employed laser scanning strategy. For this study, the investigation focused on determining the optimal laser 

scanning strategy for producing Ti-4.7Mo-4.5Fe alloy using laser powder bed fusion. Cylindrical and tensile testing 

samples were printed with three scan patterns: a line scanning strategy with a 67° rotation, a chessboard pattern, 

and a cross-striped scanning strategy with a 45° rotation. The initial results indicated that the different scanning 

strategies produced samples with a relative density >99% and hardness ranging between 380 and 420 HV. The 

samples produced using the chessboard pattern demonstrated the highest porosity and lowest hardness. The 

microstructure of the samples was investigated using a scanning electron microscope, an X-ray diffractometer and 

a micro-diffraction instrument. The ultimate strength, % elongation and Young’s modulus were also determined for 

the samples 

Innovative Aspect(s) : 

The paper will provide insight into the optimum parameters to produce the novel Ti-4.7Mo-4.5Fe alloy using laser 

powder bed fusion, as research regarding additive manufacturing of this alloy is still in its infancy. Most published 

research regarding this alloy is related to conventional processing methods. 

 

Malmö, Sweden 

29 September - 02 October 2024 



 

Reviewer’s name : …………………………………………………………………………………………………………. 

Keynote ☐  Oral ☐  1☐  2☐  3☐  4☐ 

Poster ☐  Poster & Reserve Oral ☐ 

Withdraw ☐  Reason : …………………………………………………………………………………………. 

Notes to author : …………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………... 

 

 

 

Paper Number : C27 
ID : 6283756 

Requested presentation type : Oral Presentation 

 

Topic : Consolidation Technologies Subtopic : AM Beam Based Technologies 

Author : Mr Nagaram Anok Babu (Chalmers University of Technology, Sweden) 

Co-author(s) : Mr Mahoney Phillip (GE Additive (ARCAM EBM), Sweden); Mr Algardh Joakim (GE Additive 

(ARCAM EBM), Sweden); Prof Nyborg Lars (Chalmers University of Technology, Sweden); Prof Hryha Eduard 

(Chalmers University of Technology, Sweden) 

Title : Effect Of Microstructure On Thermal And Electrical Conductivity Of Pure Copper 

Produced Via Powder Bed Fusion-electron Beam (PBF-EB) 

Keyword(s) : 

Additive Manufacturing (AM), Powder Bed Fusion-Electron Beam (PBF-EB), Pure Copper, Point Melt, Thermal 

And Electrical Conductivity 

Abstract : 

The outstanding thermal and electrical conductivity characteristics of pure copper renders it a highly desirable 

material for diverse applications such as electronics, heat exchangers and electric motor components. The capability 

of fabricating intricate geometries using additive manufacturing (AM) technology, makes it a well-suited for heat 

exchangers. Powder bed fusion-electron beam (PBF-EB) exhibits relatively low reflectivity for pure copper 

compared to powder bed fusion-laser beam (PBF-LB). In this work the influence of microstructure, and component 

density on thermal and electrical conductivity of pure copper are investigated. Copper samples were fabricated 

using virgin and recycled powders with different processing parameters and printing strategies, namely hatch and 

point melt. Results indicates that employing point melt yields a relative density of about 99.9%, while achieving twice 

the productivity compared to hatch melt. Deviations in the conductivity properties observed using specific geometry 

samples highlights the influence of measurement directions, emphasizing the crucial role of microstructure. 

Innovative Aspect(s) : 

This paper focusses mainly on the specific printing strategy, namely point melt. It involves selectively melting specifiic 

spots within a powder bed using an electron beam, allowing for the fabrication of intricate and complex geometries 

with foremost details. The precision of point melt contributes to efficiency and productivity in the manufacturing 

process. Furthermore, point melt results in improved microstructure and better mechanical properties, thus 

enhancing the thermal and electrical conductivity of pure copper. 
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Abstract : 

The mechanical strength of laser power bed fusion (L-PBF) of AlSi10Mg is correlated to a fine hierarchical 

microstructure formed during the repeated layer-by-layer melting guided by a digital model. The microstructure of 

the surface area of the L-PBF parts is often different to that of the bulk material as specific laser contouring strategies 

are applied at the surface areas. However, the evaluation of the mechanical strength is frequently made on machined 

tensile specimens where the microstructure of the surface area is removed. In this investigation two different 

AlSi10Mg powders are processed by two bureaus, each having different contouring strategies. Mechanical testing is 

conducted with machined and contoured specimens. The microstructure and fracture surfaces of four materials is 

studied. The results show that the mechanical strength of the contoured specimens is slightly lower than the one 

of the machined specimens and has a correlation to the microstructure at the contour areas. 

Innovative Aspect(s) : 

The necessity of designing L-PBF parts taking into consideration the most realistic material data i.e. including the 

potential adverse impact of a contour. 
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Abstract : 

Many commercial alloys suffer from defect formation like cracking during laser powder bed fusion owing to high 

cooling rates. To provide a variety of starting materials adapted to laser powder bed fusion and specific applications, 

mixing powders, known as in-situ alloying, using a modular powder design set is a promising approach. 

Unfortunately, in-situ alloying promotes chemically inhomogeneous components. In this work, different powder 

mixtures were analyzed and processed to obtain a carbon steel of a specified composition. The samples were 

characterized microstructurally applying several methods and compared to a pre-alloyed reference. The chemical 

homogeneity is statistically assessed employing fast first-order variograms. The composition of the individual raw 

materials was found to be critical for homogenization within the melt pool. Large scale homogenization is also 

affected by the amount of raw material added. Almost complete in-situ homogenization has been achieved in laser 

powder bed fusion by careful selection of raw materials. 

Innovative Aspect(s) : 
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Abstract : 

Duplex stainless steels (DSSs) exhibit excellent mechanical properties due to their austenitic-ferritic microstructure, 

which, for example, leads to higher impact toughness compared to fully ferritic steels. The phase equilibrium is 

dependent on solidification conditions and chemical composition, with elemental nitrogen stabilizing the austenitic 

phase. To better understand the influence of process gases during processing by laser-based powder bed fusion 

(PBF-LB) on microstructure and mechanical properties, in this study, DSS AISI 318LN was processed with PBF-LB 

with different shielding atmospheres (argon and nitrogen) and subsequently, some of the samples were hot-

isostatically post-densified before final heat treatment. The impact toughness of the different conditions was tested 

and complemented by microstructural- and fractographic analyses. To completely exclude the influence of process 

gases, samples were also built up by electron-beam powder bed fusion (PBF-EB) under vacuum as a reference and 

subjected to the same post-processing strategies for comparison with the samples produced by PBF-LB. 

Innovative Aspect(s) : 

PBF-LB is a well-established manufacturing process for stainless steels with the most commonly employed types 

being austenitic or martensitic grades. However, the influence of PBF-LB-process characteristics on the 

microstructure and mechanical properties of duplex stainless steels has rarely been investigated. This study expands 

the knowledge by investigating process-gas-induced differences in DSS manufactured under argon and nitrogen 

protective atmosphere. 
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Title : Applicability Of The Stiffness Method To Discern The Effect Of Surface Roughness 

On The Fatigue Behavior Of Additive Manufacturing Specimens 

Keyword(s) : 

Additive Manufacturing, Fatigue Strength, Stainless Steel, Surface Roughness, Stiffness Method 

Abstract : 

Surface roughness of the additively manufactured (AM) parts can reduce the service life, especially under dynamic 

loadings due to promoting fatigue by providing initiation sites for fatigue cracks. Therefore, improving the surface 

condition of AM specimens is a solution to increase the fatigue strength. The stiffness method as a rapid fatigue test 

could obtain fatigue limit values close to those of the conventional test methods more cheaply and easily. Therefore, 

this work aims to investigate the effect of surface roughness on the fatigue behavior of stainless steel AISI 316L 

specimens, printed with the laser powder bed fusion (PBF-LB|M) and electron beam powder bed fusion (PBF-EB|M) 

techniques, with different contour parameters to obtain different surface roughness values using the stiffness 

method. The competitional effect of the internal defects, which become surface defects after machining, and the 

surface roughness of the as-built specimen are also addressed based on the stiffness method results. 

Innovative Aspect(s) : 

This work aims to investigate the effect of surface roughness on the fatigue behavior of AM specimens, measured 

using the stiffness method which is a novel rapid fatigue testing method. Stainless steel AISI 316L specimens, printed 

with the laser powder bed fusion (PBF-LB|M) and electron beam powder bed fusion (PBF-EB|M) techniques and 

with different contour parameters are used to investigate the competitional effect of the internal defects, which 

become surface defects after machining and polishing, and the surface roughness of the as-built specimen more 

cheaply and easily and with reduced number of specimens using the novel stiffness method. this innovative fatigue 

testing method enables the researchers to obtain valuable information about the fatigue behavior of AM parts, 

effective parameters and their effect on fatigue strength, and ways to improve it in a much faster, easier, and cheaper 

way and only with 2-3 specimens. 
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Title : Advances In Powder Bed Fusion Electron Beam (PBF-EB) Of CuCrZr: Achieving 

Optimal Microstructure And Mechanical And Thermal Performance 

Keyword(s) : 

Additive Manufacturing, Powder Bed Fusion Electron Beam (PBF-EB), CuCrZr Alloy, Transmission Electron 

Microscopy (TEM), Mechanical Properties 

Abstract : 

CuCrZr is a precipitation-hardened copper alloy that combines high thermal conductivity and mechanical strength, 

along with thermal stability up to 350 °C.In this work we demonstrate the feasibility to obtain dense Cu-(0.6-0.9)Cr-

(0.07-0.15)Zr (in wt.%) with densities of 99.5%, high thermal conductivity (>80-85% IACS) and enhanced mechanical 

strength compared to pure Cu, already in the as-built condition, using Powder Bed Fusion Electron Beam (PBF-EB). 

Further densification was achieved after HIP. Mechanical characterization showed outstanding results, similar or 

even superior to those reported in the literature for conventional wrought CuCrZr. Microstructural analysis by 

SEM, EBSD and TEM revealed a multi-scale hierarchical microstructure of ultra-fine Cr-rich precipitates as well as 

grain and subgrain boundaries, contributing to the excellent mechanical properties achieved. The microstructural 

stability of the CuCrZr alloy was evaluated by heat treatments in the range of 350 – 500 °C for up to 1080 hours. 

Innovative Aspect(s) : 

Additive Manufacturing (AM) can offer invaluable benefits in the production of CuCrZr components by avoiding 

certain welding operations and developing net-shape components, a crucial feature in the manufacturing of the 

complex structrures of heat exchangers or heat sinks. In addition, PBF-EB overcomes many of the difficulties faced 

when processing alloys with high reflectivity and thermal conductivity, by Powder Bed Fusion Laser Beam (PBF-LB). 

This work do not only summarises the parametric study to achieve dense CuCrZr free from deffects (pores or 

cracks), but it also highlights the role of suitable post-build heat treatment conditions to achieve a good compromise 

between thermal conductivity and mechanical strenght. In addition, the evaluation of properties as a function of Cr 

and Zr concentration demonstrates that tayloring the composion of the gas atomized powders can be a powerful 

tool to further improve the mechanical strength. 
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Title : Influence Of Binder Characteristics On Binder Saturation And Wetting Behavior In 

Metal Binder Jetting 

Keyword(s) : 

Metal Binder Jetting, Powder-Binder-Interaction, Wetting Behavior, Binder Characteristics, Binder Saturation 

Abstract : 

Metal Binder Jetting (MBJ) has an increasing attention in Additive Manufacturing because of its serial production 

potential. The aim of this work is to get a better understanding of the powder-binder-interaction for better process 

control and consequently a reduction in the number of iteration stages in material-specific process development, 

which saves costs, effort as well as material resources and printing capacity. Depending on the binder characteristics 

the equilibrium saturation and wetting behavior changes. A better understanding of binder viscosity and surface 

tension on the powder-binder-interaction will improve the part quality. A suitable parameterization of the MBJ 

printing processes for specific powder-binder combinations, based on the binder and powder characteristics as well 

as the powder-binder interaction will improve the part density, accuracy and surface quality. 

Innovative Aspect(s) : 

The innovation of this work is the analysis of binder saturation and wetting behavior depending on the binder 

charactertics. 
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Title : Material Extrusion Additive Manufacturing (MEX-AM) Of Copper Heat Sinks: Process 

Development, Product Design, And Process Optimization 

Keyword(s) : 

3D-Printing Copper, Heat Sinks, Lattice-Structure, Sintering, Hot Isostatic Pressing 

Abstract : 

Copper heat sinks (electronic applications) typically manufactured using conventional techniques tend to have simple 

fin|pin structures due to limitations in processing capabilities. To transform these traditional designs, intricate lattice 

structures of high surface area were 3D-printed and sintered via Material Extrusion Additive Manufacturing (MEX-

AM). Copper powder-filled filaments (> 90wt.%) were developed and 3D-printed via MEX-AM. Three types of 

structures – planar, strut and surface lattices were 3D-printed to facilitate efficient heat-transfer pathways within 

the heat sinks. Subsequent post-processing steps, including polymer removal, sintering, and hot-isostatic-pressing 

(HIP), were performed to achieve 98% dense and 100% IACS copper parts. Finite element analysis (FEA) was 

conducted to assess the heat transfer efficiency of the designs, and heat transfer experiments were performed using 

a custom setup to validate the simulation results. The investigation combines experimental analysis and simulations 

to gain insights into the structure-material property relationships and optimize the thermal performance of the 

printed. 

Innovative Aspect(s) : 

This talk elucidates the advancements and challenges in 3D-printing, sintering, and HIPing of copper parts fabricated 

via MEX-AM. This study is at the forefront of presenting superior mechanical and electrical attributes through 

copper 3D printing, offering a pathway for both 3D printing and HIPing as a viable strategy for crafting high-

performance copper components for applications in electronics, aerospace, and automotive sectors. Feedstocks 

and filaments with 61vol.% solids loading of copper were compounded and extruded to 3D print and sinter test 

coupons and heat sinks. Incorporating pre-sintering holds in a reducing atmosphere alongside HIP resulted in 

remarkable mechanical and electrical properties. Sintering yielded 93% density, while HIP yielded 98% density 

relative to pure copper. HIPed parts exhibited improved mechanical (190 MPa UTS, 32% elongation at failure) and 

electrical (100% IACS) characteristics. Finally, the talk culminates with understanding the effect of change in infill 

density leading to part warpage and defects. 
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Title : Role Of Process Parameters On The Effective Properties Of The Print-bed During 

Binder Jet Additive Manufacturing: A DEM-based Study 

Keyword(s) : 

Powder Spreading, Discrete Element Method, Binder Jet Printing, Additive Manufacturing 

Abstract : 

Analysis of the powder spreading process in additive manufacturing (AM) is often based on formation of a single 

layer of powders on a smooth substrate. While this approach is valid for powder-bed fusion AM techniques, it can 

oversimplify the printing process in binder jet (BJ-AM), where parts are built through multi-layer spreading of 

powders with liquid binder added in between. This study analyses the printing process based on multi-layer 

spreading of powders during BJ-AM process by using DEM simulation. The influence of printing parameters including 

layer thickness, roller velocity and substrate surface roughness on the bulk properties of the print-bed (e.g., density, 

structural homogeneity, and surface quality) are investigated. The study shows convergence of the relative density 

of the print-bed towards an asymptotic limit, while structural homogeneity and surface roughness vary significantly 

with process parameters. A process map is suggested showing parameter insensitive window for optimal powder 

spreading. 

Innovative Aspect(s) : 

The current work focuses on the advancement of multi-layer powder spreading in the binder jet printing process. 

In addition to the horizontal structural homogeneity, the vertical structural homogeneity as a considerable feature 

in multi-layered samples is investigated.The study can extend our understanding of the various mechanisms involved 

in multi-layer powder spreading and enable optimizing the process for BJ-AM to achieve print-beds with improved 

density, structural homogeneity, and surface quality. 
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Produced With The Lithography-based Metal Manufacturing Technology 

Keyword(s) : 

LMM, Lithography-based Metal Manufacturing, MetShape, 17-4PH, Mechanical Properties 

Abstract : 

The lithography-based metal manufacturing (LMM) process is a novel additive manufacturing technique that enables 

the sinter-based manufacturing of metal parts with high dimensional precision and exceptional surface quality o 

effectively apply this technology, comprehending the relationship between mechanical properties and printing 

orientation is imperative. Given the relative novelty of this technology, our study seeks to explore the influence of 

manufacturing orientation on both the mechanical properties and shrinkage behaviour of stainless steel 17-4PH. In 

most additive manufacturing technologies typical variations in mechanical properties is observed in every axis, our 

investigation focuses on assessing the tensile properties of the material in all orientations. Tensile bars are fabricated 

accordingly and evaluated in terms of density and dimensions as both green and sintered components. Subsequent 

to the sintering process, an in-depth analysis of mechanical properties and microstructure is conducted to elucidate 

the inherent correlations between the technology and material. 

Innovative Aspect(s) : 

This study aims to contribute valuable insights into the optimization and application of Lithography-based Metal 

Manufacturing (LMM) for stainless steel 17-4PH in diverse manufacturing scenarios. The research focuses on the 

critical aspect of manufacturing orientation and its impact on mechanical properties and densification behaviour. 

Also, it demonstrates the first analysis of the microstructure of 17-4PH Parts manufactured with the LMM 

technology. Thereby the study offers insights on both the porosity and phase distribution in the material´s evolution 

during the manufacturing process. 
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Title : 3D Metal Binder Jetting Green Parts Microstructure Metrics For Sintered Parts 

Macroproperties Prediction 

Keyword(s) : 

Additive Manufacturing Sinter Based Technologies, Metal Binder Jetting , Green Parts Properties, Microstructures 

Metrics 

Abstract : 

3D Metal Jet is currently disrupting manufacturing and accelerating mass production of 3D-printed parts. Metal Jet 

excellent balance between part quality and productivity rates are founded on powerful R&D investigations and 

metrics development on support to applications for user cases. In this study, it will be explained the technical physics 

description of the binder jet fundamentals empowered by key advantage assets founded in the latex binders and 

printheads. Powder properties, green and sintered microstructures, together with final parts performance derived 

from their macroproperties will be evaluated. In particular, focus will be devoted to describe novel green parts 

microstructure metrics obtained by scanning electron microscope (SEM) and X-ray computed tomography (XCT), 

as binder and porosity local fractions, together with possible period or amplitudes patterns. The use of these metrics 

in support to printmode development and materials integration, as a predictive and more sustainable method will 

be discussed. 

Innovative Aspect(s) : 

Novel metrics of Metal Binder Jetting green parts to predict sintered parts performance New Methodologies more 

sustainable to develop materials and processes development by minimizing iterations and resources consumption 

Investigations driven by novel 3D Metal Binder Jetting applications user cases. 
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Abstract : 

3D Metal Jet is currently disrupting manufacturing and accelerating mass production of 3D-printed parts. Metal Jet 

excellent balance between part quality and productivity rates are also complemented with sustainable efforts of 

minimizing the used resources. In this case, powder consumption reduction has been confirmed by the development 

of a novel functionality that enables the minimum powder use for certain job heights. Utilizing a cutting-edge closed-

loop algorithm in conjunction with a computer vision system within the printer chamber not only significantly 

reduces the amount of powder required for constructing base layers in a job but also facilitates the extraction of 

essential powder metrics. This print mode that minimizes powder loading is of great value when powder production 

constraints, powder elevated costs and, overall, it is highlighted thanks to the ensurance of efficient sustainable 

processes. 

Innovative Aspect(s) : 

New printing functionalities enabling minimum powder consumption and metrics identification,  Efficient and 

sustainable closed-loop printmodes supported by computer vision system,  Optimal printing resources use for 

quality, robustnes and throughput purposes 
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Abstract : 

The FAST|SPS process is recognized as an R&D method capable of producing high-performance parts from a wide 

range of materials. In recent years, significant progress has been made in overcoming the two main constraints of 

the technology: production capacity and geometric limitations, thanks to important advances in research and 

technology.This conference will focus on the progress made in the production of dense 3D complex shapes using 

FAST|SPS. An innovative and versatile approach, combining additive manufacturing (SBAM mostly binder jetting) 

and FAST|SPS, will be presented, along with original use cases involving various ceramic and metallic materials 

designed for applications in the aerospace, space, or defense sectors. Numerical tools to define the green part, 

chemical analisys and mechanical properties of the 3D parts will also be presented. 

Innovative Aspect(s) : 

Norimat has made an important industrial breakthrough by developing a unique and easy process which enables 

the consolidation of 3D green parts frome SBAM processes by FAST|SPS. It allows to fully densify (porosity <1%) 

green parts made from SBAM just after printing in only one step and less than 1h of thermal treatment. The 

debinding of the green parts made of AM has been optimized and is in situ realize in the FAST|SPS process. That's 

allowed to limit the thermal treatment time and to enhance the quality of the part in terms of chemistry and 

deformation. Moreover, the first FAST|SPS software suite dedicated to the FAST|SPS process has been developed 

to help the users with all aspects of SPS, from R&D (Digital Twin) to production monitoring (Statistical Process 

Control). Numerical simulation has ensured that thermal gradients during sintering of 3D parts are kept to a 

minimum. 
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Keyword(s) : 
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Abstract : 

The use of 3D printing for fabricating multi-material structures presents a formidable task laden with multifaceted 

prospects. The challenge lies in the combination of materials (metallic alloys and ceramics) which engenders 

intricacies in managing processing parameters, spanning the gamut from the initial printing phase to subsequent 

post-processing stages. Conversely, this challenge is concomitant with a profusion of opportunities, as the coupling 

of distinct metallics and ceramics offers the potential to conjoin both structural and functional attributes within a 

singular component.The present study will focus on the production of metal-ceramic (316L-Al2O3 and 316L-

CaTiSiO5) components by mean of two different technologies: direct ink writing of core-shell structures and 

extrusion of pellets by fused deposition modelling. Microstructural characteristics and mechanical properties of the 

two different technologies will be analyzed and compared. 

Innovative Aspect(s) : 

Multi-materials 3D printing represents the next step toward the production of components capable of showing 

multi-functional properties. Co-extrusion of metallic and ceramic inks by DIW so as FDM of modified pellets by 

multi-extrusion systems are two innovative technologies that are here analyzed showing the potentials for scalability 

of the process.Inks and pellet engineering for 3D printing intricated shapes so as their consolidation by de-binding 

and sintering step without cracks is the most significant result of the proposed work. Practical examples will be 

presented, underscoring the tangible real-world implications and innovative potential of this technology within the 

field of advanced manufacturing. 
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Title : Monitoring Of Powder Bed Temperature And Its Influence On Properties In Metal 

Binder Jetting 

Keyword(s) : 

Metal Binder Jetting, Temperature Measurement, In-Situ Measurement, Powder Bed Temperature 

Abstract : 

The focus on Metal Binder Jetting is increasing due to its potential for serial production. To control the printing 

process, in situ measurements are becoming essential. These measurements are commonly used in laser-based 

additive manufacturing processes. The objective of this study is to utilise a thermal camera during a Metal Binder 

Jetting process to determine the temperature distribution of the powder bed and its correlation with the properties 

of green parts. The temperature development was determined for each printed part, and a correlation with the 

final properties was established. To ensure homogeneity of properties and to achieve repeatable improvements in 

process control, it was suggested to standardize this measurement process. 

Innovative Aspect(s) : 
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Keyword(s) : 
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Abstract : 

The near net shaping of super hard ceramic materials such as WC-Co, RBB4C or diamond|SiC becomes particular 

interest when it comes to high performance applications. Additive Manufacturing (AM) plays a special role when 

complex shapes which can be manufactured with a low loss of material in low or medium quantities are needed. A 

very promising AM method to utilize a very broad material variety and particle size is CerAM FFF, which uses cost-

effective equipment. On the other hand, machining and structuring of very hard materials is often costly which 

justifies AM additionally. For the precision machining of diamond composites for example water guided laser cutting 

can be applied which reduces the processing time and costs dramatically. The presentation gives an overview about 

current works and results in terms filament and component manufacturing as well as first results of water guided 

laser cutting of very and super hard ceramic materials. 

Innovative Aspect(s) : 

AM of complex super hard ceramic materials using cost effective FFF; Precision machining of super hard ceramic 

materials by water guided laser cutting 
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Title : Influence Of Feedstock Formulation On Steel Processability By Extrusion Based 

Additive Manufacturing 

Keyword(s) : 

Formulation, Steel, Extrusion-based AM, Printing, Debinding, Sintering 

Abstract : 

Material extrusion additive manufacturing (EAM) offers a versatile range of applications for various metallic 

materials. In indirect processes, a mixture of metal powder and a polymer binder is extruded and deposited to 

shape the layers of the part, analogous to traditional polymer 3D printing. Subsequently, debinding and sintering 

steps are indispensable to achieve the final metallic component. Each of these stages may induce impurities and 

defects, significantly impacting geometric tolerances and mechanical properties. These defects such as warpage, 

shrinkage, porosity, residual carbon, and undesired phases result from complex mechanisms, due to insufficient or 

heterogeneous loading of feedstock, thermomechanical distortion during printing, partial debinding and inefficient 

sintering. This presentation will delve into these challenges, mechanisms, and EAM optimization strategies in the 

case of stainless and tool steels. The influence of feedstock formulation and associated process parameters on 

defects, microstructure, and resulting mechanical properties will be discussed. 

Innovative Aspect(s) : 
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Title : Insight Into Sintering Mechanism And Optimization Of Fused Filament Fabrication 

Of H13 Tool Steel 

Keyword(s) : 

Extrusion-based AM, Debinding, Sintering, H13 Work Tool Steel, Mechanical Characterization 

Abstract : 

In sinter-based additive manufacturing, such as metallic fused filament fabrication (mFFF), the sintering mechanism 

must be carefully understood and controlled to end up with the expected density, microstructure and mechanical 

behaviour. In the case of mFFF H13 tool steel, the considerations especially include carbon content, due to binder 

residue, porosity and pore size, associated with the densification step, as well as martensitic and carbide formations. 

This work will discuss the influence of sintering parameters (temperature, ramp rate and atmosphere) on its 

mechanism, based on in situ shrinkage measurements and the characterization of green, brown and sinter parts. 

The outcome on the final composition, microstructure and hardness will be highlighted. 

Innovative Aspect(s) : 
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Co-author(s) : Dr Cano Cano Santiago (Incus GmbH, Austria); Dipl-Ing Bosters Johannes (Incus GmbH, Austria); 

Dipl-Ing Sperling Clemens (Incus GmbH, Austria); Ms Mödder Denise (Incus GmbH, Austria); Dr Stögerer Johannes 

(Incus GmbH, Austria) 

Title : Effect Of The Powder Size Distribution On The Lithography-based Metal 

Manufacturing Process 

Keyword(s) : 

Lithography, Powder Selection, Additive Manufacturing, Stainless Steel, Surface Analysis 

Abstract : 

Lithography-based Metal Manufacturing (LMM) is an additive manufacturing (AM) technology that delivers 

components with high feature resolution and surface quality. By utilizing common Metal Injection Molding grade 

powders (d90 <25 µm) in the process, a surface roughness of Ra < 2 µm can be achieved, with stable geometric 

features down to 100 µm. Although these as-printed component parameters surpass those of other metal AM 

technologies, some applications demand lower surface roughness.To enhance part quality, one approach is the 

introduction metal powders with smaller size distribution. This not only improves the surface roughness, but also 

augment the sintering process by facilitating better powder packing. In pursuit of this objective, steel alloys of 316L 

and 17-4PH with varying size distribution have been analysed, with a specific focus on their processability in the 

LMM technology and their effectiveness in raising the quality of the components. 

Innovative Aspect(s) : 

LMM has the potential to produce currently unattainable designs for various applications. This work explores the 

opportunities to further improve the quality of the produced part. This opens the possibilities to design higher 

performance components for various applications, especially geometries difficult to polish efficiently.More 

specifically, this study explores the powder – resin interactions, from the standpoint of the physical characteristic 

of the metal powder, which is not a deeply explored field. By exhibiting this initial work, we show the powder 

metallurgy community a starting point for future work in sinter-based AM about powder selection, physical 

interaction of chemicals and powders and the effects of the physical form of the powder on sintered parts. 
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Title : Additive Manufacturing Of Components From Pressure-embroidered Stainless Steel 

Using The MoldJet Process 

Keyword(s) : 

Additive Manufacturing, Moldjet, Sinter-Based, Nitrogen Alloyed Steel 

Abstract : 

This study deals with the processing of a developed nitrogen alloyed steel, containing additionally chromium, 

manganese and molybdenum (X13CrMnMoN18-14-3), using additive manufacturing. Applying the MoldJet process, 

the powder is first processed into a metal powder paste used for the printing of components. The MoldJet process 

is a novel, sinter-based additive manufacturing process, which enables the production of a wide range of geometries 

without the need of support structures. The high productivity of up to 1600 cm³|h also enables series production 

of components. The material can be used for components submitted to elevated stress levels, exhibiting at the same 

time a high degree of biocompatibility and enhanced corrosion resistance. The study will examine the powder itself, 

the processing into a paste and the mechanical properties after additive manufacturing. The aim is to show how an 

increase in performance can be achieved in combination with the use of the MoldJet process. 

Innovative Aspect(s) : 
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Title : Binder Jetting Additive Manufacturing For Fashion And Jewellery Items Production 

Keyword(s) : 

Binder Jetting Technology, Additive Manufacturing, Sintering, MIM, Investment Casting, PANACEA, AISI 316L, 17-

4PH, Steel, Silver 925, Platinum 950, Fashion Production, Decorative, Surface Quality 

Abstract : 

The presentation is focused on introducing Binder Jet technology in its applications for jewellery and fashion items 

making, showing results from two years of use of 3D binder jet printers at our laboratories in Bressanvido, Italy. 

Despite being well known in other industries, binder jetting additive manufacturing is still not used in the jewellery 

sector; after a presentation of the technique and its possibilities, our practical experiences over two years of testing 

and production will be shared. Materials worked in our project span from steels suitable for fashion and 

watchmaking industry, to precious metals alloys (Silver 925 and Platinum 950). The experience so far proves Binder 

Jetting to be a realistic player in the world of jewelry production by additive manufacturing, although still undergoing 

a learning curve. 

Innovative Aspect(s) : 

Discussion of a new technology, Binder Jetting, that is still not well known in different manufacturing sectors; Offers 

the results in terms of quality and feasibility of alloys that have never printed with Binder Jetting, such as Silver 925, 

Platinum 950 and PANACEA steel, and on which there is little or no literature available. 
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Title : Multi-material Printing Tungsten-copper For Future 5G And 6G High-frequency 

Applications 

Keyword(s) : 

High Requency Application, Sinter-Based Addtive Manufacturing, Screen Printing, Tungsten, Copper 

Abstract : 

Rectangular waveguides are widely used in communications satellites due to its low insertion loss and high power-

handling. Additionally, near field communication in the upcoming 5G and 6G mobile communication standards are 

in this frequency range. As high quantities and tight tolerances are required for future applications, only a few 

manufacturing technologies come into consideration. In this work, the mass productive and cost-effective 3D screen 

printing was successfully used for this pupose. To achieve the goals, both a master alloy route tungsten-copper and 

a printing of tungsten with subsequent copper infiltration were investigated. Structures sizes of 300 µm with 

deviation of less than 10 µm with a surface roughness von 2 µm were successfully printed and sintered. The 

manufactured waveguides were characterised metallographically, tested for their function and compared with the 

design simulation. The specifications were well achieved, proving that 3D screen printing is an important candidate 

for digital communication technology. 

Innovative Aspect(s) : 

Conventionally manufactured (i.e. milled) components are manufactured successively one after the other. 

Additionally, depending on the center frequency, the milling machine is required to have very small tolerances for 

the realization of low-loss and well-matched filter responses. Mass-production of these components is therefore 

cost- and time-intensive. Furthermore, a lot of material is removed during milling, which is critical from an 

environmental point of view. The number of possible other both cheap and productive technologies is also limited. 

Screen-printed waveguide devices reveal the advantage to be suitable for mass-production, which also offers the 

possibility of cost-reduction. The tight tolerances of just a few µm pose a particular challenge for sinter-based 

additive processes, which could be successfully met here with a multi-material tungsten-copper approach. This 

approach is therefore a door opener for corresponding high-frequency applications that were previously closed to 

additive manufacturing. 
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Title : Exploring The Impact Of Cost-Effective Surface Treatments On The Roughness, 

Geometry, And Dimensional Stability Of FFF Sintered Parts 

Keyword(s) : 

FFF, 17-4PH, Surface Rougness, Post-processing, SBAM 

Abstract : 

Many requirements and applications in various industrial sectors demand high-quality finishes on parts. These 

finishes, whether due to tolerances or surface quality, are often challenging to achieve through additive 

manufacturing technologies, necessitating additional post-processing. This study aims to investigate the effect of 

specific surface treatments on parts produced through Sintering Based Additive Manufacturing (SBAM), such as 

Fused Filament Fabrication (FFF). With the premise of employing affordable post-processing methods that can 

potentially maintain competitive prices for the parts, the study analyzes the post-processing techniques of shot 

blasting and vibratory polishing on parts with different geometries. Additionally, the study examines the effect of 

surface treatments on part walls manufactured at various angles. The results obtained demonstrate significant 

improvements in surface roughness, although there is potential for them to modify the geometry and round the 

edges of the parts. 

Innovative Aspect(s) : 

The innovative aspect of this study focuses on correlating the effect of different surface post-processing techniques 

with both the achieved surface improvement and the adverse effects such as rounding of edges or geometric and 

dimensional modifications experienced by the parts. By varying processing parameters or the type of shot material, 

for example, we can observe and quantify the dimensional, roghnes and geometrical effects on the parts. The main 

goal, with all this, is twofold: on one hand, to select optimal conditions|processes for specific application 

requirements, and on the other hand, to be able to adapt or redesign the parts to compensate for the adverse 

effects of the treatment. In conclusion, this work aims to shed some light on the effect of post-processing on parts 

produced through SBAM. 
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Title : Comparing Of Metal Injection Moulding And Composite Extrusion Modelling For Two 

Aluminium Alloys 

Keyword(s) : 

Aluminium Alloy, Metal Injection Moulding (MIM), Composite Extrusion Modeling (CEM), Sustainable Feedstock, 

Pellet 

Abstract : 

This work studies the processing of two industrial aluminium alloys, Al2024 and Scalmalloy, obtained by Metal 

Injection Moulding (MIM) and a novel additive manufacturing technology, Composite Extrusion Modelling (CEM), 

from sustainable feedstocks in pellets shape. For this purpose, both aluminium alloy powders were combined with 

water-soluble polymer, polyethylene-glycol (PEG), and low-CO2 emitting polymer, cellulose acetate butyrate 

(CAB). By means of the rheological characterisation of the feedstock and the subsequent microstructural 

characterisation and evaluation of the mechanical properties of the parts obtained, a comparison has been made 

between two different aluminium alloy powders consolidated by MIM and CEM, validating the processability of parts 

of these alloys using an innovative 3D printing technology. Compared to the injection moulding process, this 

technology offers advantages such as freedom in the shape of the parts obtained, and it also offers cost savings as 

it is a cost-effective process without the need for mass production. 

Innovative Aspect(s) : 

The processability of parts of two aluminium alloys using an innovative 3D printing technology by extrusion with 

feedstock in pellet form. 
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Title : Evaluation Of Biopolymers To Produce Metal Or Metal-ceramic Feedstocks For Eco-

sustainable Composite Extrusion Modelling 

Keyword(s) : 

Composite Extrusion Modelling, Biopolymer, Feedstocks, Environmental 

Abstract : 

Sinter-based additive manufacturing of metallic materials offers advantages in terms of design and efficiency but 

poses environmental concerns due to the use of chemicals and the generation of pollutant gases during the 

elimination of binders which are harmful to the environment. To improve this problem, the study of biopolymeric 

binders derived from renewable sources is proposed. This work explores composite extrusion modelling of metallic 

or metal-ceramic alloys. using biopolymers to produce environmentally friendly feedstocks.  Comprehensive 

evaluation of biopolymer blends based on poly lactic acid and polyvinyl alcohol were carried out for their use as 

binders. A study of critical solidity loads, microstructural and rheological characterisation, densification, 

homogenisation, and thermogravimetric studies was performed. The deposition parameters of the material to 

produce parts were also optimised. 

Innovative Aspect(s) : 

Innovates by addressing environmental issues inherent in current AM sinter- based methods, proposing the use of 

biopolymer binders to mitigate chemical use and pollutant gas generation; Conducts thorough characterization of 

biopolymer blends for their use a binder in composite extrusion modelling. 
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Title : Study On Deoxidation Of Binder Jetted 17-4 PH Stainless Steel In Hydrogen 

Atmosphere 

Keyword(s) : 

Binder Jetting, Debinding, Deoxidation, Residual Carbon, 17-4 PH, Sintering, Hydrogen, Dilatometry 

Abstract : 

The final dimensions and material properties of metal components manufactured via Binder Jetting (BJT) depend on 

sintering densification, which requires precise control of the shrinkage to reach required tolerances. Sintering 

studies are typically limited to parameters such as heating rate, sintering temperature and dwell time. Processing 

atmospheres, especially during the debinding stage are, however, often not considered despite their significant 

impact on binder decomposition and powder oxidation. Maximizing binder removal and lowering powder oxidation 

at the same time by lowering the oxygen content during debinding is crucial to enhance sintering densification and 

material properties of stainless steels. The impact of processing atmosphere during debinding of 17-4 PH stainless 

steel green parts was studied in Ar, Ar + 1 vol.% O2 and N2 + 20 vol.% O2 through sintering in a dilatometer under 

pure hydrogen atmosphere. The results were correlated with the resulting microstructure and material properties. 

Innovative Aspect(s) : 

Decreasing oxygen content during debinding to improve sintering densificationDeoxidation during debinding and 

sinteringStudy on densification behavior via dilatometry in pure hydrogenCorrelation between debinding 

atmosphere, binder residuals and material propertiesFocus on underexplored aspect of debinding atmospheres for 

Binder Jetting 
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Keyword(s) : 
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Abstract : 

Notably, bidner jet technology enables swift prototyping of materials, attracting considerable interest in industrial 

applications. While 316L stainless steel is extensively utilized for its superior processability and mechanical 

attributes, its conventional production processes are typically intricate and exhibit low material efficiency. BJ thus 

emerges as a viable method for the expedited fabrication of 316L stainless steel parts. However, challenges persist 

with BJ-produced 316L components, particularly concerning porosity and mechanical performance, which often 

necessitate further post-processing treatments like sintering to improve the quality of the final product.This study 

seeks to enhance the density and mechanical characteristics of 316L stainless steel components fabricated using BJ 

technology by investigating the microstructure and mechanical performance of BJ 316L stainless steel components. 

Innovative Aspect(s) : 

This project primarily focuses on enhancing the density and mechanical properties of 316L stainless steel 

components through Binder Jetting (BJ) technology. A comprehensive study of the entire BJ process applied to 316L 

stainless steel materials is conducted, with particular attention to optimizing the sintering parameters for 316L 

stainless steel. 
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Title : Direct Ink Writing Of 316L-sphene Core-shell Structures 

Keyword(s) : 

Direct Ink Writing, Core-shell Structures, 316L, Sphene 

Abstract : 

Direct Ink Writing allows to produce structures characterized by a personalized geometry, using different types of 

materials and keeping the costs low. Thanks to the versatility of this technology, it’s also possible to increase the 

complexity of the obtainable structures by combining different materials, using multi-extruder printers or coaxial 

nozzles. One of the main advantages is to give the components hybrid and unique properties, tunable in accordance 

to the specific application.In this study the main focus is the production of core-shell metal-ceramic structures 

(316L-CaTiSiO5) with suitable mechanical, microstructural and functional properties for bone tissue regeneration. 

The effect of the sintering process on materials shrinkage, metal-ceramic interface and in particular on mechanical 

properties of the final components will be discussed. 

Innovative Aspect(s) : 

The production of multi-material components allows a flexible control over the final construct’s properties: metal-

ceramic match could lead to components with improved mechanical characteristics, compared with total ceramic 

objects, and keeping also functional properties related to the bio-ceramic contribution.The production of structures 

for bone tissue regeneration requires suitable properties for the interaction with the human body, such as bioactivity 

and biocompatibility, but the intrinsic fragility of ceramic materials could be limiting because of the mechanical 

stresses related to the type of application. The use of a coaxial printing nozzle enables to increase the performance 

of the components thanks to the presence of a metallic core, keeping the functional bio-ceramic properties required 

for a successful permanence inside a biological environment. 
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Title : Sinterability Assessment And Microstructural Development In Metal Binder Jetting 

Keyword(s) : 

Binder Jetting, Solid State Sintering, Liquid Phase Sintering, Microstructure Evolution, Density, Materials 

Development 

Abstract : 

In Sinter based AM the printing is just a shaping process for the powder, separated from the high temperature 

densification step. After printing, the density of a part will be around 55-60 % TD. In addition, most of the 

applications need final densities higher than 95 %TD. Consequently, the sinterability of the powder is a key factor 

that has to be carefully studied. Solid state or liquid phase sintering, thermal profile, interaction with the sintering 

atmosphere, reduction of superficial oxides, compositional homogeneity, shrinkage … need to be studied for each 

powder grade. Solid State Sintering is effective at relatively high temperatures for materials like Cu and its alloys 

whereas Liquid Phase Sintering allows reducing sintering temperature and opens different scenarios for the AM BJ 

massive production of metal parts. These alternatives are discussed in the present paper together with an in-depth 

microstructural characterization. 

Innovative Aspect(s) : 

Binder Jetting is a rather innovative AM technology for producing components as an alternative route that offers 

certain advantages over traditional ones (complex shapes, near net shape, material saving, etc). The comprehension 

of sintering mechanisms can be used as a tool for materials development by Binder Jetting; improving densification 

level, obtaining appropriate microstructures, control of distortions, etc. 
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Title : Hybrid Field Assisted Sintering As An Semi-automated Process For Cost-effective 

Production Of High Quality Big Volume Samples 

Keyword(s) : 

Fast Hybrid SPS Sintering 

Abstract : 

Field assisted sintering called also spark plasma sintering allow to produce exceptional quality materials which found 

a niche in applications where the quality is a most important factor or making the product with different method is 

impossible. GeniCore would like to present a new type of HYBRID FAST system which combines FAST type DC 

power supply with induction heating provided by AC power supply where novelty is oriented on assuring the 

extraordinary heating rates even for very big samples volume. Such a solution guarantees that FAST technology 

main advantage which is limiting the grain grow will affect the sample quality which has been challenging in previous 

solution. 

Innovative Aspect(s) : 

The presentation will refer to the applications where previously FAST method was inefficient or impossible to imply 

due to expected product volume. This can refer to the military, aerospace and energy applications. The second 

novelty is related with eddy current impact on the sintering with FAST technology for big volumes where using a 

different frequencies can generate a various results and when used properly lead to great energy savings or 

enhancing the material quality. 
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Keyword(s) : 
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Technology, Latest SPS Device, Latest SPS Applications 

Abstract : 

Field assisted sintering technology become a good alternative for most demanding applications. During the 

presentation most recent examples of materials made with FAST and PPC technology will be presented and 

solutions which allows to compete with other technologies when it comes for cost-effectiveness which in most 

cases is the biggest disadvantage for FAST|SPS technology. Presentation includes descriptions of solutions like 

graphite mold multi-hole design, near-net shaping, functionally graded materials. The current market expectations 

related with FAST technology will be shown on real examples.During the presentation also the new types of SPS 

devices will be presented to prove SPS techology can be used in bigger volume production. 

Innovative Aspect(s) : 

The article focuses on device technologies that affect the ability to not only achieve new types of results when it 

comes to sintering materials, but also enable the transition from research and development to the industrial world. 

New materials and increased material quality are key to scientific progress, and this article will show the tools that 

help create them. 
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Title : FAST|SPS: Industrial Post-process For Full Densification Of 3D Complex Shape From 

Additive Manufacturing 

Keyword(s) : 

FAST|SPS, Complexe Shape, Additive Manufacturing, High Mechanical Performance 

Abstract : 

The FAST|SPS process is recognized as an R&D method capable of producing high-performance parts from a wide 

range of materials. In recent years, significant progress has been made in overcoming the two main constraints of 

the technology: production capacity and geometric limitations, thanks to important advances in research and 

technology.This conference will focus on the progress made in the production of dense 3D complex shapes using 

FAST|SPS. An innovative and versatile approach, combining additive manufacturing and FAST|SPS, will be presented, 

along with original use cases involving various ceramic and metallic materials designed for applications in the 

aerospace, space, or defense sectors. Numerical tools to define the green part, chemical analisys and mechanical 

properties of the 3D parts will also be presented. 

Innovative Aspect(s) : 

Norimat made an important industrial breakthrough by developing a unique and easy process which enables the 

consolidation of 3D complex shapes by SPS. It allows to fully densify (porosity <1%) green parts made from additive 

manufacturing just after printing in only one step and less than 1h of thermal treatment. The debinding of the green 

parts made of AM has been optimized and is in situ realize in the FAST|SPS process. That's allowed to limit the 

thermal treatment time and to enhance the quality of the part in terms of chemistry and deformation. Moreover, 

the first FAST|SPS software suite dedicated to the FAST|SPS process has been developed to help the users with all 

aspects of SPS, from R&D (Digital Twin) to production monitoring (Statistical Process Control). Numerical 

simulation has ensured that thermal gradients during sintering of 3D parts are kept to a minimum. 

 

Malmö, Sweden 

29 September - 02 October 2024 



 

Reviewer’s name : …………………………………………………………………………………………………………. 

Keynote ☐  Oral ☐  1☐  2☐  3☐  4☐ 

Poster ☐  Poster & Reserve Oral ☐ 

Withdraw ☐  Reason : …………………………………………………………………………………………. 

Notes to author : …………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………... 

 

 

 

Paper Number : C64 
ID : 6278593 

Requested presentation type : Oral Presentation 

 

Topic : Consolidation Technologies Subtopic : Field Assisted Sintering Technologies 

Author : Mr Weber Gerhard (Dr. Fritsch Group, Germany) 

Co-author(s) :  

Title : Sintering Of Ceramic Material On FAST|SPS-machines 

Keyword(s) : 

FAST|SPS-Sintering of ceramics, Graded Ceramics, Mould Set-up 

Abstract : 

The FAST-SPS-sintering of metallic materials is state of the art since a long time. One huge application there is the 

diamond tool industry. Recently, there were numerous approaches to sinter ceramic materials also with this 

technology to benefit of the many advantages of the FAST-SPS. However, the sintering of ceramics is much more 

challenging. The lack of electrical conductibility, the brittleness of the material and the reaction with the mould 

material is making fast results difficult.This paper will address several materials like B4C, Al2O3, ZrO2 TiB2 and 

some more. Furthermore, it will look into different Applications like Defense Industry, Sputter Targets, Jewelry and 

Electronic Industry.Also, the paper will have a look at graduated materials and heterogenic materials, e.g. bonding 

of ceramic powders onto metallic surfaces. 

Innovative Aspect(s) : 

FAST|SPS-sintering of ceramic materials Graded ceramic materials Metallic-ceramic-bonding by FAST|SPS 
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Title : A Comparison Between Spark Plasma Sintering (SPS) And Rapid Sinter Pressing 

(RSP) For Sintering Of W-Cu Composites At Low Temperature 

Keyword(s) : 

Metallic Composites, W-Cu, Field Assisted Sintering Technology|Spark Plasma Sintering, Rapid Sinter Pressing 

Abstract : 

Applications demanding exceptional electrical and thermal conductivity under extreme conditions, such as high-

power contacts or nuclear fusion reactors, frequently rely on W-Cu composites. Powder metallurgy serves to 

create this type of material with distinct melting points; however, there is a discussion in the literature about the 

most suitable powder metallurgy techniques. Spark Plasma Sintering (SPS) and Rapid Sintering Process (RSP) 

propose the creation of materials within minutes and at lower temperatures on an industrial scale. This study 

undertakes a comparative analysis of two different sintering techniques at 600°C, while varying the pressure and 

sintering time for W-Cu samples containing 25% and 75%wt of W. The findings showed that the materials' density, 

hardness, and electrical conductivity are significantly affected by the applied pressure during sintering, particularly 

in the case of the SPS technique. Furthermore, in SPS and RSP, with even minor increments in sintering time results 

in improved properties. 

Innovative Aspect(s) : 

This paper compares two non-traditional sintering methods for manufacturing metallic compounds, intending to 

select the most suitable for industrial scaling and studying the benefits of the sintering principles of each technique 

on their microstructure and final properties in W-Cu composites. 
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Germany) 

Title : Application Of Field Assisted Sintering For The Recycling Of Steel Swarf 

Keyword(s) : 

Field Assisted Sintering, FAST|SPS, Steel Swarf, Circular economy 

Abstract : 

The grinding of steel tools to their desired form generates sludge containing metallic swarf considered undesirable 

for direct recycling. After cleaning and separation of this steel swarf, its morphology often leaves it unsuitable for 

standard powder metallurgical uses. However, the possibility exists of utilizing field assisted sintering techniques to 

densify this swarf directly into new parts, thereby avoiding the need for remelting. This technique also allows for 

the generation of new metal matrix composites through its quick sintering time. The application of field assisted 

sintering as a recycling tool is realized through the densification of two different steels, AISI D2 and AISI T15, 

exploring the influence of varied parameter sets and tool setups on their sintering. For proof of concept, a cutting 

disc made of AISI D2 swarf has been produced and tested. 

Innovative Aspect(s) : 

Direct recycling of metallic grinding waste, Demonstration on the example of steel swarfCutting disc for proof of 

concept, Preservation of critical elements like W or CoCircular economy 
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Title : Ultra-fast High Temperature Sintering (UHS) Of Ni-NiO Composites 

Keyword(s) : 

UHS Sintering, Ni Alloys, Metal Matrix Composites 

Abstract : 

Powder metallurgy and sinter-based additive manufacturing are cost effective routes for manufacturing high value 

metal alloys and metal matrix composites such as Ni based alloys used in the aerospace and energy industries. 

Despite the development of these manufacturing techniques in recent years, the sintering step remains a challenge 

due to its high energy consumption and long dwell times. Ultrafast High Temperature Sintering (UHS) has emerged 

as an alternative capable of sintering metal alloys in just a few seconds. In this study, we evaluate the UHS sintering 

of Ni-NiO composites. The effects of UHS current and dwell time on the microstructure and mechanical properties 

of Ni-NiO was investigated. UHS should facilitate the development and manufacture of metal alloys and composites 

from metal powders. 

Innovative Aspect(s) : 

UHS sintering is very recent technology. First, UHS sintering reports were published in 2020. To our best 

knowledge this is the first time the technology was applied to Ni alloys and it is the first time the mechanical 

properties of alloy processed by this technology was investigated. This is an important step to drive the UHS to 

applications. 
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Title : Comparative Study Of FAST And Conventional Sintering Of Cutting Tool Materials 

Keyword(s) : 

FAST, X-ray Diffraction, Phase Characterization, Cutting Tools, Cobalt, Bronze 

Abstract : 

This study explores the effectiveness of Field Assisted Sintering Technology (FAST) in producing cutting tools from 

various materials, using powder mixes in granulated and non-granulated conditions. The goal is to demonstrate 

FAST efficiency across diverse materials by comparing results obtained on the same systems using a conventional 

sintering approach. Two powder mixtures were examined: one consisting of Bronze, containing: Co, Fe, and W; 

and a Co|Bronze 85|15 powder mix. Sample characterization involved Rietveld refinement of X-ray diffraction 

patterns coupled with microstructural analysis using SEM and EDXS. The study revealed that the sintering process 

significantly influenced microstructural characteristics. The FAST process maintained a consistent ratio of starting 

phases, unlike conventional sintering prone to reactions, diffusion, and intermetallic compound formation. 

Conventional sintering of the Bronze-Co-Fe-W material resulted in a lattice expansion in cobalt polymorphs with 

respect to the starting powder. FAST samples showed a lower volume change, due to short sintering time. 

Innovative Aspect(s) : 

The current manufacturing process of these parts takes several hours and is inefficient in terms of energy and 

material consumption. The new process will manufacture components in few seconds, allowing to obtain final parts 

with less energy consumption and minimum raw material wastage (it is a near net shape process); thus, contributing 

to the green manufacturing and environmental footprint reduction. 
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Title : Toward A Spark Plasma Sintering Digital Twin Using A Deep Learning-Based 

Approach 

Keyword(s) : 
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Abstract : 

Over the last two decades, Spark Plasma Sintering (SPS) has become a major technique for manufacturing advanced 

materials. Nevertheless, the control of SPS process is complex and requires the use of complex multiphysics and 

multiscale numerical simulations. Nowadays, the emerging data-driven approaches such as Deep Learning have 

proven their effectiveness in many fields. Thus, we develop a Deep Learning architecture based on Convolutional 

Neural Network (CNN) and Generative Adversial Neural Network (GAN). The network is train on high-

throughput macroscale FEM simulation maps and associated process parameter tabular data. The power of this 

approach lies on the ability of the network training process to be incrementally augmented by multivariate data 

such as real microstructure images and real sintering signals : toward a SPS digital twin. 

Innovative Aspect(s) : 

The innovative aspect of the paper lies in the usage of artificial intelligences algorithms such as Deep Learning to 

build a Spark Plasma Sintering Digital Twin. In this purpose, a custom neural network architecture was built to allow 

a training on multivariate Spark Plasma Sintering Data. 
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Abstract : 

Over the past decade, refractory high-entropy alloys (RHEAs) have been intensively studied due to their excellent 

high-temperature performances. Significant effort was dedicated to reducing their density, aiming to make them 

competitive with Ni-based superalloys. However, RHEAs are typically produced through casting methods, which, 

given the high melting temperatures of their constitutive elements, may lead to inhomogeneous and coarse 

microstructures, thereby compromising their mechanical properties. Given this context, powder metallurgy would 

be a preferable route for manufacturing high-performing RHEA components. In this study, spark plasma sintering 

was employed to produce the biocompatible MoNbTaTiZr RHEA, later modified with the addition of aluminum to 

reduce its density. The microstructure and the mechanical properties of both alloys were investigated. Eventually, 

a component with a gradient of aluminum through its thickness was also manufactured by a diffusion couple, allowing 

a more in-depth investigation on the effect of aluminum content on the properties of the RHEA. 

Innovative Aspect(s) : 

In this work, to the best of our knowledge, the microstructure and the mechanical behavior of a spark plasma 

sintered AlMoNbTaTiZr RHEA were investigated for the first time. Furthermore, a compositionally graded material 

was employed to study in a novel way the effect of aluminum content on the properties of this alloy system. This 

identified SPS as a manufacturing process suitable for a high-throughput screening of the unexplored RHEA 

compositions. 
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Abstract : 

Spark Plasma Sintering (SPS) technology is well-known for allowing the elaboration of enhanced and high-

performance materials by fine control of the microstructure. Nevertheless, Near Net shape parts (complex shape), 

monitoring control (test reliability) and scale-up (industrialisation) remain a technological challenge.In this study, we 

present the sintering of sputtered materials (B4C + additive, 316L, Al2O3, SiC+ additive) which are adapted for the 

production of large-sized and complex shape parts by SPS process. We focus on development of tooling solutions 

(solid tooling and deforming tooling) to obtain complex shape samples and to control the thermomechanical 

gradient. The choice of the sacrificial material in order to not affect the property of the targeted material is also 

investigated. Finally, all parameters are tested to achieve enhanced properties with the finest microstructure. This 

study aims to in a short time an industrial scale-up and flow production. 

Innovative Aspect(s) : 

This study aims to the development of access a large size complex shape in Spark Plasma Sintering. It's improving 

the choice to use  different technology of forming Near Net shape piece (additive manufacturing or other 

technology)  and combine classical tooling or adding mobile tooling to produce large sizes Near Net shape piece. 

This study aims to adapt tooling and Spark Plasma Sintering technology to access fine microstructure, high 

performance. 
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Title : Features Of High-Voltage Consolidation Of Powder Materals 

Keyword(s) : 
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Welding, Thermal Radiation, Pulse Photometry 

Abstract : 

The main features of the method of high-voltage consolidation of powder materials and the resulting advantages 

and limitations of this method are considered. The short duration of high-temperature exposure in the process of 

high-voltage consolidation makes it possible to preserve the structural-phase state of the initial powder material in 

the consolidated compact material The formation of the structure of a powder material during high-voltage 

consolidation is determined by processes of different scales occurring at interparticle contacts, in powder particles, 

in the bulk of the entire sample, and by the mutual influence of these processes. The high energy density in the 

particle contact zones leads to a local change in the state of aggregation of the powder substance in these zones. 

Along with the inhomogeneity of powder heating in interparticle contacts, a macroscopically inhomogeneous 

distribution of the current density in the volume of the consolidated sample is possible. 

Innovative Aspect(s) : 

The registration of electrothermal processes during high-voltage electric pulse consolidation of refractory powder 

materials makes it possible to establish the optimal parameters of high voltage consolidation for optimal structure 

in consolidated samples. 
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Author : Prof Ctibor Pavel (Ústav fyziky plazmatu AVCR, Czech Republic) 

Co-author(s) : Dr Straka Libor (Faculty of electrical engineering CTU Prague, Czech Republic); Dr Lukac Frantisek 

(Ústav fyziky plazmatu AVČR, Czech Republic) 

Title : Copper Oxides CuO And Cu2O Produced By Spark Plasma Sintering - Electrical 

Characterization 

Keyword(s) : 

CopperOxide, Dielectric Properties, Spark Plasma Sintering, Microstructure, Phase Composition, 

Photoconductance 

Abstract : 

Commercial powders made of two copper oxides were compacted by spark plasma sintering (SPS). Their dielectric 

properties were studied in a broad range of frequencies and temperatures. The relaxation phenomena were 

demonstrated. Microstructure and phase composition were studied, and phase purity was shown for CuO, whereas 

Cu2O was more sensitive to carbon contamination during SPS processing and also to the oxygen reduction. 

Influence of the SPS temperature on microstructure and electrical properties was described for both materials. The 

difference between them from the electrical standpoint was finally found to be not so dramatic as the stoichiometry 

indicates. Both materials exhibited photoinduced electrical conductance under visible light. This photoconductance 

had a persistent character and was studied during a long-term exposure. 

Innovative Aspect(s) : 

The dielectric properties of bulk CuO and Cu2O, as well as their photoconductance were studied more deeply 

than (worldwide) in the past. Photoconductance was demonstrated at first time. 
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Topic : Consolidation Technologies Subtopic : Field Assisted Sintering Technologies 

Author : Ing Chávez-Vásconez Ricardo (Universidad Técnica Federico Santa María, Chile) 

Co-author(s) : Mr Acevedo Nicolás (Universidad Técnica Federico Santa María, Chile); Dr Arévalo Cristina 

(Universidad de Sevilla, Spain); Ing Sauceda Martínez Sergio (Universidad de Concepción, Chile); Dr Ing Pérez 

Soriano Eva (Universidad de Sevilla, Spain); Prof Dr Torres Yadir (Universidad de Sevilla, Spain); Dr Ing Lascano 

Farak Sheila (Universidad Técnica Federico Santa María, Chile) 

Title : Graded Porosity Structures In High Entropy Alloys: An Innovative Synthesis 

Approach Utilizing Space-Holder Technique And Pressureless Spark Plasma Sintering 

Keyword(s) : 

Field Assisted Sintering Technology, Functional Graded Porosity, High Entropy Alloys 

Abstract : 

A high entropy alloy (HEA) is an innovative alloying strategy, introduced recently in materials science research, that 

vastly increases the number of alloy systems that can achieve properties such as high strength, high ductility, and 

enhanced fracture toughness. Potential applications of HEAs include the aerospace field, where the requirements 

for high-temperature resistance alloys are pushing the HEAs, high-speed cutting tools, nuclear industry, hydrogen 

storage materials, and biomaterials. In these areas some of the applications require functionalisation of the structure 

by porous gradual distribution to reduce weight or add functional characteristics. In this work, a consolidation route 

to obtain graded porosity distribution (radial and longitudinal) in samples of HEAs based on TiNbTaHfMo is 

presented. This approach combines the use of pre-compaction process, temporary space holder and the sintering 

by Field Assisted Sintering Technology|Spark Plasma Sintering in a pressureless die to consolidate radial and 

longitudinal samples of HEAs based on TiNbTaHfMo 

Innovative Aspect(s) : 

A high entropy alloy (HEA) is an innovative concept introduced by Yeh in 2004, as an innovative alloying strategy 

that vastly increases the number of alloy systems that can achieve properties such as high strength, high ductility, 

and enhanced fracture toughness. Although high entropy alloys expand opportunities for discovering alloys, they 

present an important challenge related to long processing time. In this sense, non-conventional and novel sintering 

routes, such as spark plasma sintering (SPS), presents notable advantages that allow processing HEAs with tailored 

microstructure and properties. Exploring this method to obtain porous structures is non- conventional way to use 

spark plasma sintering process. To the best of our knowledge, there are no reports of Ti-Nb-Ta-Hf-Mo with 

functional graded porosity. 
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Author : Mr Chaaban Khalil (ICB, UMR 6303 CNRS|Université de Bourgogne, France) 

Co-author(s) : Dr Ariane Mostapha (SINTERMAT SAS, France); Dr Szczepan Victor (Safran Tech, France); Dr 

Chateau-Cornu Jean-Philippe (ICB, UMR 633 CNRS|Université de Bourgogne, France) 

Title : Material Approach And Modelling Of The Thermo-electro-mechanical Sintering 

Process For The Dimension Control Of Complex Shape Parts 

Keyword(s) : 

Modelling, Densification, Complex Shape, Spark Plasma Sintering 

Abstract : 

Spark plasma sintering (SPS) technology is used to sinter, in a very short time, a large range of materials. One of 

the challenges of using this process is to control the final dimension of complex shape parts. In order to predict the 

compaction of the powder during a SPS cycle, we develop numerical models which take into account several physical 

laws involved during the sintering such as granular rearrangement and creep behavior at high temperatures 

(viscoplasticity). In this study, the code is fitted on an experimental densification curve of a nickel-based superalloy 

and implemented via the Abaqus® software in a thermal-electrical-mechanical model of the SPS process. A 

comparison of the numerical outputs with the experimental data shows a good agreement. The results demonstrate 

the capability to simulate accurately the sintering of powder with a limited number of experimental adjusted 

parameters compared to literature and to decrease significantly simulation run-time. 

Innovative Aspect(s) : 
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Author : Mr Magnusson Anders (Quintus Technologies AB, Sweden) 

Co-author(s) : Mr Shipley James (Quintus Technologies AB, Sweden); Mr Gårdstam Johannes (Quintus 

Technologies AB, Sweden) 

Title : Combining AM And HIP For Speed And Performance 

Keyword(s) : 

HIP|HPHT, AM Speed Printing, Possibilities, Pitfalls 

Abstract : 

AM (Additive Manufacturing) technology naturally benefits from HIP (Hot Isostatic Pressing) post processing to 

enhance reliability and mechanical properties for components in high risk, mission critical applications. In addition 

to this, the past few years have seen several investigations exploring the potential of combining AM and HIP, both 

for reducing time and cost of manufacturing, and for improving mechanical properties of AM builds. This in using 

innovative concepts such as speed, shell and LoF (Lack of Fusion) printing in combination with a final densification 

using HIP. This presentation aims to compile and highlight potential benefits, and pitfalls, using these innovative 

strategies for high volume AM manufacturing of high-performance components from different metal alloys. 

Innovative Aspect(s) : 

We offer a summary of current state for the possibilities and pitfalls of AM speed printing as seen from the HIP 

equipment manufacturers point of view including examples from the research community, cost savings calculations 

and do|do nots' for the strategy to work. 
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Author : Mr Ehrlin Niklas (Air Liquide, Sweden) 

Co-author(s) :  

Title : The Effect Of Hydrogen In The HIP Treatment Of Additive Manufactured IN718 

Keyword(s) : 

IN718, Hot Isostatic Pressing, Hydrogen Degradation, Surface OxideReduction 

Abstract : 

Hydrogen has a long history of being used as a reducing agent in many different types of heat treatments. So far, 

the wide application of hydrogen is limited to heat treatment processes that are in the range of atmospheric 

pressure. In this study, the use of hydrogen in hot isostatic pressing (HIP) was investigated and its influence on 

component properties was studied. By using a gas mixture with a low concentration of hydrogen in argon as the 

atmosphere gas in a HIP treatment of additively manufactured Inconel 718 test parts, there is a clearly visible 

reduction of surface oxides, compared to similar test parts HIP treated in the traditional atmosphere of 100% argon. 

A reduction of surface oxides could have a substantial impact on both the mechanical properties of the treated 

parts and on the further manufacturing steps in the production chain, where surface oxides might be problematic. 

Innovative Aspect(s) : 

By using a pre mixed gas containing 2.65% hydrogen in argon in HIP application, unwanted surface oxides can be 

reduced and even removed completly. This leads to HIP treated parts with a much more homogenous surface that 

can have substantial effect on the need of post processing such as polishing as well as yielding a more aestethic 

looking part after HIP'ing. 
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Author : Mr Jabir Hussain Ahmed Fardan (Chalmers University of Technology, Sweden) 

Co-author(s) : Mr Gårdstam Johannes (Quintus, Sweden); Dr Brodin Håkan (Siemens Energy, Sweden); Prof 

Hryha Eduard (Chalmers University of Technology, Sweden) 

Title : Taming The Cracks: Overcoming Strain Age Cracking In An Additively Manufactured 

Non-weldable Ni-base Superalloy Through HIP 

Keyword(s) : 

Strain Age Cracking, Non-Weldable Ni-Base Superalloy, Powder Bed Fusion - Laser Beam, Additive Manufacturing 

Abstract : 

Non-weldable Ni-base superalloys processed via powder bed fusion – laser beam (PBF-LB) exhibit high cracking 

susceptibility, particularly during heat treatment, owing to the formation of gamma prime (?’) precipitates during 

the first solutioning heat treatment, leading to a cracking phenomenon called strain age cracking (SAC). CM247LC 

is a high ?’ Ni-base superalloy that is particularly prone to SAC. SAC is detrimental and hinders the usage of 

components manufactured by PBF-LB. This study explores the utilization of hot isostatic pressing (HIP) to mitigate 

SAC and enhance recrystallization in CM247LC processed by PBF-LB. Two distinct HIP strategies, both conducted 

above the ?' solvus temperature, were employed. Findings indicate that tailored HIP processing is promising in 

effectively reducing SAC and enabling the successful heat treatment of this conventionally "non-weldable" Ni-base 

superalloy. 

Innovative Aspect(s) : 

The innovative aspect of the work is to study the impact of HIP strategies to control stain age cracking and to 

increase recrystallization. One of the HIP strategies were found to be better indicating that strain age cracking risk 

can be reduced in non-weldable Ni-base superalloys manufactured by powder bed fusion-laser beam. 
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Co-author(s) : Dr Markovsky Pavlo (G.V. Kurdyumov Institute for Metal Physics of N.A.S. of Ukraine, Ukraine); 

Prof Dr Ivasishin Orest (G.V. Kurdyumov Institute for Metal Physics of N.A.S. of Ukraine, Ukraine); Dr Savvakin 

Dmytro (G.V. Kurdyumov Institute for Metal Physics of N.A.S. of Ukraine, Ukraine); Dr Stasyuk Olexandr (G.V. 
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Title : Titanium Based Laminates Made Using Blended Elemental Powder Metallurgy: 

Microstructure And Mechanical Behavior 

Keyword(s) : 

Titanium Alloy, Metal Matrix Composites, Layered Structure, Phase Composition, Microstructure, Mechanical 

Characteristics 

Abstract : 

Titanium-based laminates combining hard metal matrix composites (MMC) and ductile alloy layers are promising 

materials due to an improved set of mechanical and service characteristics. In present study the two and three-

layered structures that combine MMC on the base of titanium alloy Ti-6Al-4V (Ti-64) reinforced with 5 to 40 % 

(vol.) of TiC or TiB particles and the layer made of the alloy Ti-64 were manufactured using press-and-sinter blended 

elemental powder metallurgy. The effect of processing parameters and amount of reinforcing phase on 

microstructure and mechanical behavior of these materials was analyzed. In addition, hot plastic deformation and 

hot isostatic pressing of laminates have been used to investigate the potential to improve their microstructure 

mechanical characteristics. It has been demonstrated that the structures made according to optimized processing 

parameters exhibit excellent protective performance in ballistic tests. Prospects for improving the structure and 

methods of making titanium-based laminates are discussed. 

Innovative Aspect(s) : 

Greater introduction of titanium to the industry can be achieved by reducing the cost of parts and significant 

improvement of their performance. A significant increase in the hardness of Ti composite made via powder 

metallurgy can considerably boost the use of Ti. High residual porosity may be unavoidable in composites made 

using blended elemental powder metallurgy when the reinforcement phase content exceeds 10%, but it can be 

significantly rectified by subsequent processing of composites using hot isostatic pressing, which considerably 

improves their hardness. The present study shows that it is possible to double the hardness of a titanium-based 

material without compromising its low specific weight. 
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Title : Comparative Study Of Densification Of Fe-SiC Cermet Through Press And Sinter 

And Hot-pressing 

Keyword(s) : 

CERMETS, Sintering Techniques, Abrasive Wear 

Abstract : 

In CERMET material development, Co and W, due to their high cost and limited access, result in high cost and 

enviromental issues. Seeking a cost-effective alternative, the Fe-SiC system was explored, showing potential for 

developing wear resistant CERMETS. This study compared Fe-SiC CERMET produced via conventional sintering 

(CS) and Hot Pressing (HP). Samples with 50, 70 and 90 wt.% SiC were produced, but due to densification problems, 

the 90 WT.% SiC condition was quickly discarded. CS utilizing 5% PVA a binder faces densification challenges. To 

address this, 0.2% graphite was added, enhancing densification up to 80% but compromising mechanical properties 

at 1100°C. SEM analysis confirmed proper Fe dispersion around SiC particles and the formation of sintering necks, 

however CS lacked time for complete consolidation. On the other hand, hot-pressed samples were able to reach 

more than 90% densification. Microstructural and mechanical analysis show promising results for applications 

involving abrasive-wear resistance. 

Innovative Aspect(s) : 

CERMET production using Fe-SiC has been almost not explored. Somo authors have used this system to produce 

self-lubricating steel with up to 5 wt.% SiC and other author have sintered Fe with milimetric SiC particles for 

cutting tool applications but have not reached more than 75% densification. This study used 50, 100 and 150 microns 

SiC particles in order to develop a material with higher density an suited for abrasive wear applications. 
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Co-author(s) : Dr Cox Erik (Gencoa Ltd77, United Kingdom) 

Title : Optimisation Of Degassing Metal Powders With Optical Emission Spectroscopy 

Keyword(s) : 

Degas, Process Monitoring, Powder Analysis, Vacuum 

Abstract : 

Although time consuming, degassing of HIP canisters is a critical step in the manufacture of powder hot isostatic 

pressed components. Carried out effectively, this stage of the process enables high quality components to be 

produced by preventing the retention of atmospheric contaminants such as oxygen, nitrogen, hydrogen and argon 

which are responsible for defects leading to poor material performance.Gencoa Optix is a gas sensing instrument 

that can be utilised to monitor the level of contaminant gases such as water vapour, nitrogen, oxygen etc. Optix 

requires no additional pumping or sampling equipment, And can operate throughout the entire degassing process. 

Innovative Aspect(s) : 

Use of a pioneering technique developed by Gencoa - Remote plasma optical emission spectroscopy, provides 

useful data allowing degas end point to be determined. 
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Title : Research On Numerical Simulation Technology Of Hot Isostatic Pressing Near Net 

Forming For Dual Phase Stainless Steel 

Keyword(s) : 

Hot Isostatic Pressing, Near Net Forming, Powder Metallurgy, Duplex Stainless Steel, Numerical Simulation 

Abstract : 

As one of the important technologies in powder metallurgy, hot-isostati-pressing near-net-shape(HIP-NNS) 

technology has been widely used in the aerospace field in recent years due to its ability to prepare high-performance 

products with complex structures. Duplex stainless steel (DSS) products have garnered attention from various 

industries such as marine engineering, shipbuilding, nuclear power, and petrochemical, owing to their exceptional 

mechanical properties and corrosion resistance. However, the complex preparation process and the high cost of 

raw materials have hindered the widespread application and development of DSS products. In this article, the author 

employs HIP-NNS technology and numerical simulation to fabricate DSS products. This approach significantly 

enhances powder utilization and production efficiency while reducing processing costs. Consequently, it offers a 

novel solution to address the challenges associated with the high cost and difficult forming of DSS products. 

Innovative Aspect(s) : 

1. Complex structure modeling；2. Considering the DEM relationship between powder particles；3. Create FEM-

DEM coupling model；4.Simulation results guide on-site production of products 
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Title : High Entropy Alloy Components Prepared From Commodity Alloys And Metal 

Injection Moulding 

Keyword(s) : 

High Entropy Alloys, Metal Injection Moulding, Sustainable Feedstock, Additive Manufacturing 

Abstract : 

High entropy alloys (HEAs) are researched due to their distinct microstructures and impressive mechanical 

performance, which are achieved by combining multiple principal elements in nearly equal ratios. However, the 

inclusion of multiple elements poses challenges in HEAs fabrication by PM routes due to the high cost of pure 

elemental powders and the absence of readily available prealloyed HEAs compositions. Employing commodity 

powders such as Ni625, CoCrF75, or 316L has emerged as a viable approach, reducing manufacturing expenses and 

facilitating HEAs development. Furthermore, these powders ease the production of HEAs components by metal 

injection moulding. In this study, various binders were studied to optimise powder loadings in the feedstocks, 

subsequently utilised in injection or 3D printing via pellet extrusion. Debinding and sintering stages were optimised 

while microstructural and mechanical assessments were conducted on the final samples. The goal was to achieve a 

single FCC HEA phase exhibiting exceptional mechanical properties. 

Innovative Aspect(s) : 

This study pioneers the fabrication of High Entropy Alloys (HEAs) via Metal Injection Moulding (MIM) using readily 

available commercial commodity powders. Typically, these powders are mass-produced using methods like press 

and sinter, spark plasma sintering, or powder-related additive manufacturing, yielding components with commercial 

alloy compositions. However, their diverse alloying elements at specific proportions make them suitable for sourcing 

elements to create HEAs, deviating from their original intent. This unconventional use allows tailoring the 

composition and reducing costs in HEA development, contrasting with more expensive prealloyed powders 

processed in smaller batches. Additionally, exploring HEA processing via MIM remains an underexplored area as 

there are few studies in the literature about this. This study introduces innovative sustainability by employing eco-

friendly binders in conjunction with these commodity powders. 
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Title : A Study On A Method Of Sinter Joining In Metal Injection Moulding Process 

Keyword(s) : 

Metal Injection Moulding (MIM), Sinter Joining, Sintering 

Abstract : 

Although Metal Injection Molding (MIM) is a process for complex designs, not all geometries are feasible. The goal 

of the project was to find a way to join two or more individually moulded parts between moulding and sintering 

steps, at first for one feedstock (material: Inconel 713L). The joining of the parts was achieved by using pastes. The 

achieved mechanical properties were measured on tensile, fatigue and creep tests. The tensile strength values were 

comparable to normal material, but a drop in elongation was observed. However, in the fatigue and creep tests the 

joined specimens reached the elongation properties of the normal samples. One possible application with a 

geometry that is not feasible on normal MIM-process was tested and it seemed plausible that the sinter joining 

could be used to solve this kind of challenges. 

Innovative Aspect(s) : 

More freedom in design for MIM-process. Higher degree of freedom in MIM production. 
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Author : Prof Dr Herranz Gemma (Universidad Castilla La Mancha, Spain) 

Co-author(s) : Ing Jimenez Juan (Universidad Castilla La Mancha, Spain); Dr Ing Hidalgo Javier (Universidad Castilla 

La Mancha, Spain); Dr Berges Cristina (Universidad Castilla La Mancha, Spain); Dr Ing Campana Roberto (Centro 

Nacional del Hidrógeno, Spain) 

Title : A Synergy Approach Integrating Master Alloy Design And Powder Injection Moulding 

For High-performance  Interconnectors Leveraging SOFCs Industry 

Keyword(s) : 

Powder Injection Moulding, Solid Oxide Fuel Cell (SOFC), Interconnector, Hydrogen 

Abstract : 

This study explores innovative approaches to boost the Solid Oxide Fuel Cell (SOFC) interconnector industry, 

integrating intelligent master alloy design and powder injection molding (PIM). Current challenges in interconnector 

fabrication via powder metallurgy include economic high-scale production of complex designs for improved SOFC 

performance and the restricted availability of commercial powders. To address these limitations, we propose the 

use of commercial high-Cr master alloys combined with ferrous powders, aiming for compositions equivalent to or 

surpassing standard Crofer 22. This strategy overcomes powder scarcity challenges and enables precise control 

over shrinkage and thermal expansion coefficient, crucial for producing ambitious large thin-walled interconnector 

geometries through PIM. A comprehensive comparative study, covering all PIM stages and properties 

characterization, is conducted, comparing Crofer 22 pre-alloyed powders with a modified Fe-Cr alloy incorporating 

additional elements for enhanced performance. 

Innovative Aspect(s) : 

This study explores innovative approaches to boost the Solid Oxide Fuel Cell (SOFC) interconnector industry, 

integrating intelligent master alloy design and powder injection molding (PIM). 
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Topic : Consolidation Technologies Subtopic : Metal Injection Moulding 

Author : Ing Valsecchi Giorgio (TAV VACUUM FURNACES, Italy) 

Co-author(s) : Ing Valsecchi Giorgio (TAV VACUUM FURNACES, Italy) 

Title : Sintering Atmospheres For The Vacuum Sintering Of 316L Stainless Steel 

Keyword(s) : 

Sintering, Sintering Furnaces, Metal Injection Molding, Metal Binder Jetting, Sinter-Based Additive Manufacturing 

Abstract : 

Sintered stainless-steel components are widely adopted in the automotive, biomedical, electronics and fashion 

industries. For complex shaped sintered stainless-steel parts, metal injection molding (MIM) has been the primary 

production technology for decades but, in past few years, sinter-based additive manufacturing (SBAM) has grown 

significantly in popularity.Both metal injection molded and additively manufactured stainless-steel parts are often 

sintered on vacuum furnaces to prevent oxidation, contamination and obtain high densities with bright surfaces. In 

that case, a partial pressure of inert or reactive gas is commonly adopted to suppress evaporation of volatile alloying 

elements (i.e. chromium and nickel) and to help remove binder residuals. During sintering, the gaseous atmosphere 

interacts with the steel influencing its final mechanical and corrosion properties.In this experiment, the effects of 

sintering on vacuum furnaces with different atmospheres (argon or hydrogen) on 316L parts manufactured through 

MIM and metal binder jetting SBAM were investigated. 

Innovative Aspect(s) : 

The use of different sintering atmosphere is affecting the density and other relevant properties of sintered stainless-

steel. In particular, hydrogen is often regarded as the best solution to sinter low carbon stainless steels. There are, 

however, several factor that should be kept into consideration while comparing hydrogen to argon and nitrogen, 

such as the higher cost, the requirement for additional safety measures and, consequently, the increased complexity 

of furnaces designed for hydrogen operation. The aim of this experimentation is to investigate how the choice of 

different atmospheres impacts on the properties of sintered stainless steel parts produced using Metal Injection 

Molding and Metal Binder Jetting and, finally, provide an overall comparison between the different options. 
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Author : Ing Colaneri Alessandro (RINA, Italy) 

Co-author(s) : Ing Lionetti Stefano (RINA, Italy); Dr Tassa Oriana (RINA, Italy); Ing Mohamed El Sayed Yasin 

(RINA, Italy) 

Title : Heat Treatment Development On SLM 3d M300 Alloy Printed Samples To Improve 

Mechanical Properties 

Keyword(s) : 

Additive Manufacturing, Heat Treatment, Mechanical Properties 

Abstract : 

The purpose of this work was to develop a heat treatment to be performed on Additive Manufacturing (AM) 3D 

printed samples made of M300 steel in order to improve their mechanical properties, tailoring the as-built 

microstructure with the minimization of material defects like voids, porosity, micro-cracks, and variations in material 

structure. Different solution and ageing heat treatments were performed on samples printed via Selective Laser 

Melting (SLM) technique, testing different duration, temperatures and trends in the heating and cooling phases. The 

samples were microscopically analyzed and mechanically tested with tensile tests and hardness (HV10). The results 

were compared with as is samples showing improved mechanical properties meaning of an effective heat treatment 

applied 

Innovative Aspect(s) : 

The innovative aspect of this work is to develop a heat treatment that allows to increase the mechanical properties 

of commercial steel M300 SLM printed samples. 
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Topic : Consolidation Technologies Subtopic : Other Consolidation Technologies 

Author : Dr Kukla Christian (Montanuniversitaet Leoben, Austria) 

Co-author(s) : Mr Momeni Vahid (Montanuniversitaet Leoben, Austria); Dipl-Ing Schuschnigg Stephan 

(Montanuniversitaet Leoben, Austria); Prof Dr Holzer Clemens (Montanuniversitaet Leoben, Austria) 

Title : Polylactic Acid (PLA) As Backbone For The Fused Filament Fabrication (FFF) Of 

Aluminium 

Keyword(s) : 

Fused Filament Fabrication, Feedstock Backbone, Aluminium 

Abstract : 

The backbone plays a significant role in the binder system for FFF of metals. Since the backbone is degraded 

thermally, the temperature for this debinding step should be below the sintering temperature of the involved metal. 

Thus, the low degradation temperature makes PLA a proper candidate for the backbone in feedstocks for aluminium 

with a relatively low sintering temperature. However, processing of PLA is challenging due to high shear and 

temperature sensitivity. Therefore, the printability at different nozzle temperatures (230, 250, 270 °C) was 

investigated for various formulations with PLA content ranging from 25 to 40 vol.% in the binder system. Solvent 

debinding for printed samples was conducted at room temperature and different immersion times. The results 

indicated the substantial impact of printing temperature on enhancing shape retention and preventing interlayer 

cracking during the solvent debinding process. The main binder was removed successfully without any defects during 

solvent debinding. 

Innovative Aspect(s) : 

Material extrusion of aluminium with filaments; New backbone material; New results regarding printing and solvent 

debinding 
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Topic : Consolidation Technologies Subtopic : Other Consolidation Technologies 

Author : Dr Raghavendra Sunil (University of Trento, Italy) 

Co-author(s) : Dr Amirabdollahian Sasan (ProM Facility, Italy); Dr Perini Matteo (ProM Facility, Italy); Mr 

Chemello Marco (Sicor S.p.A, Italy); Prof Benedetti Matteo (University of Trento, Italy) 

Title : Enhancing Worm Gear Efficiency: Directed Energy Deposition Of CuSn10 Alloy Onto 

Worm Gear Tooth Profiles 

Keyword(s) : 

CuSn10, Directed Energy Deposition, Process Parameters, Worm Gear 

Abstract : 

With the current development in additive manufacturing (AM) processes, such as directed energy deposition (DED), 

efficient usage of raw materials is possible. With the aid of this DED process, we aim to develop an efficient way to 

reduce the use of bronze in worm gears. Building upon insights from prior research into process parameter 

development, our objective is to fabricate worm gears by applying CuSn10 alloy onto a stainless steel tooth created 

through the LPBF process. We assess the impact of laser power, feed rate, scanning speed, and scanning strategy 

on the deposition process. The deposited cross-sections undergo analysis for porosity, hardness, dilution, and 

microstructure at various locations along the tooth profile. The optimal deposition parameters and strategy 

identified are then employed to coat an entire gear, subsequently subjected to testing on a worm gear test bench. 

Innovative Aspect(s) : 

Process optimization for DED of highly reflective copper alloys. Develop a scanning strategy for high-quality 

deposition on a worm gear tooth profile. Replace a complete bronze gear tooth with a tooth consisting of a steel 

substrate and deposited bronze alloy. 
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Author : Ing Maffia Simone (Ponticon GmbH, Germany) 

Co-author(s) : Dr Stittgen Tobias (Ponticon GmbH, Germany) 

Title : Investigating The Application Of 3D-EHLA For Microstructure Control In Large-

Scale Additive Manufacturing 

Keyword(s) : 

Laser Metal Deposition, Directed Energy Deposition, Extreme High-Speed Laser Metal Deposition, LMD, DED, 

EHLA, Microstructure Tailoring 

Abstract : 

Conventional powder Laser Metal Deposition (LMD) has revolutionized Additive Manufacturing (AM) by enabling 

the fabrication of large, support-free geometries and minimizing material waste through targeted deposition. Despite 

these advantages, conventional LMD faces challenges in microstructure control, primarily due to high heat inputs, 

limiting fine adjustments and compromising material integrity. In this work, the transformative potential of 

Ponticon’s 3D Extreme High-Speed Laser Metal Deposition (EHLA) for large-scale applications is investigated, 

highlighting its capabilities in both deposition performance and microstructural control. 3D EHLA's high feed rates, 

reaching up to 200 m|min, not only significantly enhance deposition performance but also enable precise control 

over microstructures, thanks to a two-order-of-magnitude increase in cooling rates. As a result, tailored 

microstructures enables local modification of mechanical properties through process parameter adoption. This 

innovation addresses the limitations of conventional LMD, providing a viable solution for high-end large-scale AM 

components. 

Innovative Aspect(s) : 

This study explores Ponticon’s 3D-EHLA for large-scale AM. 3D EHLA's high feed rates revolutionize 

microstructure control. This innovation enables precise adjustments in mechanical properties via localized 

modifications, addressing challenges encountered in conventional Laser Metal Deposition, in which the 

microstructure is hindered the high heat inputs and relatively slow cooling rates. The research introduces a 

groundbreaking solution for optimizing material integrity in high-end large-scale AM components by exploiting the 

full potential of 3D-EHLA technology. 
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Author : Mr Kindermann Philipp (Fraunhofer Institute for Casting, Composite and Processing Technology IGCV, 

Germany) 

Co-author(s) : Mr Wunderer Martin (Fraunhofer Institute for Casting, Composite and Processing Technology 

IGCV, Germany); Mr Strasser Maximilian (Fraunhofer Institute for Casting, Composite and Processing Technology 

IGCV, Germany); Ms Lehmann Maja (Fraunhofer Institute for Casting, Composite and Processing Technology IGCV, 

Germany); Mr Ünsal Ismail (Fraunhofer Institute for Casting, Composite and Processing Technology IGCV, 

Germany); Dr Schlick Georg (Fraunhofer Institute for Casting, Composite and Processing Technology IGCV, 

Germany); Prof Dr Seidel Christian (Fraunhofer Institute for Casting, Composite and Processing Technology IGCV, 

Germany) 

Title : Key Factors Influencing The Gas And Nozzle Outlet Temperature In Cold Spray 

Keyword(s) : 

Cold Spray, Additive Manufacturing 

Abstract : 

Cold spray is an innovative process with high potential for the additive manufacturing of metallic materials. It has 

several unique characteristics—most notably, the process does not require any melting or fusion of the processed 

materials and the substrate. The powder is accelerated by a gas flow and forms dense layers on impact due to the 

high kinetic energy. The chamber temperature is the most known parameter in cold spray alongside the pressure 

of the process gas. The set chamber temperature has a crucial effect on the gas flow and thus the build quality. 

However, in addition to the chamber temperature, other parameters, such as the nozzle material and the powder 

gas flow rate, also influence the gas flow. The cause-effect relationships are not yet fully understood. This paper 

describes and examines the key factors associated with the temperature during cold spray in more detail. 

Innovative Aspect(s) : 

This paper deals with fundamental topics of cold spray, which have not yet been sufficiently addressed, for example, 

the relationship between the nozzle-material and the temperature of the exiting gas stream. However, this 

relationship is essential for the cold spraying process: the higher the gas stream temperature, the higher the 

achievable gas and particle velocity. This means that high-strength materials in particular, such as Inconel alloys, 

where modern cold spray plant technology is already at its limit, may only become processable with this knowledge. 

Furthermore, the influences of other parameters that have received almost no attention in the literature, such as 

the gas flow rate of the powder feeders, are examined in more detail on the basis of experiments. Therefore, this 

paper provides a deeper understanding of the interrelationships between the lesser known parameters of cold 

spray, and thus contributes to the further improvement of this process. 
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Author : Prof Hong Soon-jik (Center for Advanced Materials and Parts of Powders (CAMP2), Kongju National 

University, Korea, Republic of) 

Co-author(s) : Miss Kim In-Seo (Kongju National University, Republic of Korea); Miss Go Eun-Ha (Kongju 

National University, Republic of Korea); Mr JO Sung-Jae (Kongju National University, Republic of Korea); Miss Lee 

Ye-Eun (Kongju National University, Republic of Korea); Mr Baek Geon-Woo (Kongju National University, Republic 

of Korea); Mr Kim Hyun-Joong (Kongju National University, Republic of Korea); Prof Moon Jong-Un (Kongju 

National University, Republic of Korea); Prof Lee Ji-Woon (Kongju National University, Republic of Korea); Prof 

Song Gi-An (Kongju National University, Republic of Korea) 

Title : Characterization Of Recycled Powder And Effect On The Microstructure And 

Mechanical Properties Of Re-additively Manufactured 316L Stainless Steel Bulk By Directed 

Energy Deposition 

Keyword(s) : 

Additive Manufacturing, DED, 316L stainless steel, Recycling, Oxidation 

Abstract : 

The part manufacturing industry using additive manufacturing processes is increasing its focus on reusing post-

process powders to improve cost competitiveness. However, the powder characteristics of AM-processed powders 

and their influences need to be addressed. Hence, in this study, we evaluate the powder characterization of the 

recycled 316L stainless steel powder using the Direct Energy Deposition (DED) process and further investigate its 

impact on 316L DED as-built samples. We studied the oxidation characteristics of the 316L stainless steel powders 

and compared the impact of powder recycling on the microstructural and mechanical properties of the as-built 

samples to those made from fresh powder. Our findings indicate that the use of recycled powders affects the 

microstructural and mechanical properties of the as-built samples. This was attributed to the presence of oxide-

rich inclusions in the microstructure produced from recycled powders. The findings of the study indicate that the 

as-built sample produced using recycled powder. 

Innovative Aspect(s) : 

The characteristics of recycled powders in the DED process are based on their falling distance, an aspect not 

explored in previous research. This study revealed the presence of oxides in the microstructure of recycled 

DED 316L, which were absent in DED 316L produced using conventional origin powder. Additionally, we 

explored the oxide formation mechanism and its influence on the mechanical properties when using recycled 

powder in the DED process. 
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Topic : Applications Subtopic : Aerospace 

Author : Mr Eonta Christopher (MolyWorks, USA) 

Co-author(s) :  

Title : Airworthy Landing Gear Components By Additive Manufacturing 

Keyword(s) : 

Landing gear, Aerospace, Additive Manufacturing, Metal Powders, Powder Production Equipment, Fatigue, 

Airworthy 

Abstract : 

MolyWorks is producing landing gear components by additive manufacturing. The development provides a 

determination of design values for derived mechanical properties of Ti 10-2-3 powder produced by the Greyhound. 

The process under development conforms to material specifications required for airworthiness certification and is 

a solution to supply chain challenges including obsolescence (availability) and diminishing manufacturing sources. 

The landing gear components have been down-selected as non-critical, non-load-bearing parts that fit the criteria 

of high geometric complexity and irregularly procured. Research and development presented will included material 

coupons and test results. 

Innovative Aspect(s) : 

Powder production, powder qualification, additive manufacturing landing gear components, specimen testing, part 

testing, and airworthiness qualification 
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Title : Production And Characterization Of Novel Superalloys By Powder Metallurgy 

Method 

Keyword(s) : 

Novel Nickel-based Superalloys, Powder Metallurgy Method, Non-Destructive Test, Destructive Test 

Abstract : 

In this study, novel nickel-based superalloys have been produced by using mechanical alloying-powder metallurgy 

method. The superalloys were produced as an alternative turbine blade material for military aircraft engine 

applications. Initially, superalloy powders were prepared by mechanical alloying in a ball mill. Then, the superalloy 

powder mixtures were compacted in a hydraulic press, and then the green specimens were sintered in a vacuum 

environment. Properties of the superalloys were studied by nondestructive eddy current test and ultrasonic test. 

Elastic modulus of the sintered superalloys was characterized by destructive compression tests and non-destructive 

ultrasonic tests comparatively. Effect of the alloying elements on elastic modulus and corrosion behaviours of the 

superalloys were studied. Microstructure and electrical conductivity properties of the sintered alloys were studied 

by eddy current tests. Effect of alloying elements on the electrical conductivity properties were determined. 

Electrochemical corrosion behavior of the superalloys was studied in NaCl solution. 

Innovative Aspect(s) : 

The superalloy specimens were manufactured by mechanical alloying-powder metallurgy. The traditional casting 

based superalloy production methods are not suitable to obtain a homogenaeous compositions because of the 

segregation due to the density differences of the alloying elements. Segregation in the mechanical alloying-powder 

metallurgy based alloys is small. Superalloy was usually prepared by arc-melting, vacuum-induction-melting and drop-

casting. Due to the wide range of alloying elements, it is difficult to obtain superalloy with uniform composition. 

Mechanical alloying-powder-metallurgy method could reduce the segregation. As Ni-based superalloys have high 

hardness and low heat conduction, machining of the Inconel 718 is difficult. Superalloy parts with complex 

geometries, and enhanced mechanical properties are challenging for aircraft applications. In addition modification 

of the composition of the superalloys is challenging. 
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Title : Role And Assessment Of Spatter Formation In Defect Formation During Powder Bed 

Fusion Laser Beam Processing 

Keyword(s) : 

Process Monitoring, Powder Bed Fusion Laser Beam 

Abstract : 

Powder bed fusion laser beam (PBF-LB) is a key manufacturing technology within the field of metal additive 

manufacturing. Today, reaching nominally full density in processing is a common practice for many alloys provided 

they do not possess metallurgical constraints. An inherent and common characteristic of PBF-LB is however the 

generation of process by-products called spatter. Frequently, such spatter comprises hot particles that are ejected 

from the melt pool, oxidized and redeposited on the powder bed including locations where samples or component 

are being built. This leads to lack-of-fusion defects despite that the processing is optimised in terms of volumetric 

eneregy density to reach full density. One way of monitoring spatter is by advanced on-line monitoring. This report 

tells how we can succesfully apply this approach and how we boost manufacturing speed while monitoring defect 

formation. Results will cover fundamental spatter particle characteristics and effect of mechanical properties of LBF-

PBNi-base alloys. 

Innovative Aspect(s) : 

The paper addresses state-of-the art technology to monitor spatter and associated defect generation in PBF-LB 

correlated with materials performance. 
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Title : Assessment Of Residual Stresses And Microstructure Of Additively Manufactured 

Components In Structural Steel 

Keyword(s) : 

PBF-LB, Heat Treatment, SEM, Microstructure, 42CrMo4, AISI 4140, Residual Stresses 

Abstract : 

Additive manufacturing has developed and expanded into new segments the recent years. Nonetheless, the 

automotive industry has so far not implemented AM to any larger extent, one reason being that the availability of 

materials has been limited. However, recently several low-alloyed carbon-containing steels suited for the 

automotive segments have been developed for AM. This paper addressed the heat treatment of 42CrMo4 and its 

effect on microstructure and residual stresses. The tests have been carried on an engine component manufactured 

by the PBF-LB process and varying subsequently heat treatments.It was found that in a regular quench and temper 

cycle the parts achieved similar residual stress state as conventionally manufactured 42CrMo4. Samples tempered 

directly after PBF-LB showed promising results in terms of residual stresses. From the results it is concluded that 

this investigation can serve as a basis to further optimization of heat treatment cycles to better utilize PBF-

LB|42CrMo4 for automotive sector. 

Innovative Aspect(s) : 

This paper addresses the utilization of AM in the automotive sector. Despite being a large industry segment, so far 

AM has not been used to that large extent within the automotive industry. The innovative aspect of this paper is 

mainly: - to understanding post-processing (heat treatment) and its response to the recently introduced material 

for AM (42CrMo4) to enable an efficient process route for AM-components. - to provide example of a component-

group where AM can be an alternative to conventional manufacturing. The research is part of a fruitful collaboration 

between companies from different ends of the value chain (material supplier and end-users) and the work is a spin-

off from a project carried out at a competence centre with universities, institutes, and industry. The project 

participants have all gained increased knowledge about the needs for the different stakeholders - by this possible 

implementation of AM into automotive sector may be eased. 
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Dr Ing Weise Bruno (Fraunhofer IFAM, Germany); Dr Mix Torsten (Fraunhofer IFAM, Germany); Dr Studnitzky 

Thomas (Fraunhofer IFAM, Germany); Prof Dr Weißgärber Thomas (Fraunhofer IFAM, Germany); Prof Dr 

Weißgärber Thomas (University of Technology, Germany) 

Title : Low Loss Electrical Steel Packages Manufactured By Screen Printing 

Keyword(s) : 

Multimaterial Screen Printing, Soft Magnets, Co-Sintering, Electrical Steel 

Abstract : 

Screen printing offers great potential to print electrical steel sheets directly in desired shapes with exceptional low 

thickness (d < 350 µm) without typical constraints regarding materials ductility. Therefore, current demands in 

electric motor design can by addressed with the manufacturing of very thin sheets and high alloying contents. 

Furthermore, materials waste is neglectable using screen printing which is a crucial benefit as electrical steel is 

already a critical raw material. In this contribution, additive manufacturing of electrical motor components from 

isolated electrical steel sheets will be shown. Multimaterial printing  of metal and ceramic is used to shorten the 

manufacturing process avoiding elaborate multistep packaging process and negative influence of mechanical 

processing of each electrical steel sheet. Additionally, the effects of the powder properties on the magnetic 

characteristics will be elucidated. 

Innovative Aspect(s) : 

Multimaterial screen printing; Additive manufacturing of soft magnetic electric steel packages; Effect of powder 

properties on the co-sintering of metal and ceramic; Effect of powder properties on the soft magnetic properties 
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Title : Additive Manufactured Components In Engine And Fuel Cell From Prototyping To 

Dedicated Production Design 

Keyword(s) : 

 

Abstract : 

The goal of zero carbon operation of powertrain systems requires compatibility for Ethanol, Methanol and in 

particular Hydrogen as future energy carriers for internal combustion engines (ICE) as well as Fuel Cell systems. 

Future AM applications will include complex components in combination with high grade materials, such as high 

temperature, alcohol and hydrogen resistant steel and nickel alloys, for low and medium volume production.Multi-

material AM processes, combining multi-metal manufacturing, are subject of research programs and will support 

the mobility change by extending the applications to E-Motors, Fuel Cell systems and battery components.Focus of 

the paper is on the application of metal-AM for prototype and small series of appropriate powertrain components 

providing material compatibility for CO2 neutral fuels. The motivation for the conversion from conventional to 

additive manufacturing is discussed in regard of functional optimization with AM-process related production design, 

as well as economically to achieve higher profitability. 

Innovative Aspect(s) : 

AM-based optimization of appropriate powertrain components, Engine as well as Fuel Cell system components, 

based on different materials, combining functional optimization with AM-process related production design 

architecture: Functional Optimization, Weight Reduction, Component Cost and Process cost reduction. 

 

Malmö, Sweden 

29 September - 02 October 2024 



 

 

 

 

 

 

 

 

 

 

 

Technical Programme Committee 
8th of February 2024 

 

 

APPLICATIONS 
 

 

BIOMEDICAL 

 
 



 

Reviewer’s name : …………………………………………………………………………………………………………. 

Keynote ☐  Oral ☐  1☐  2☐  3☐  4☐ 

Poster ☐  Poster & Reserve Oral ☐ 

Withdraw ☐  Reason : …………………………………………………………………………………………. 

Notes to author : …………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………... 

 

 

 

Paper Number : A08 
ID : 6280888 

Requested presentation type : Oral Presentation 

 

Topic : Applications Subtopic : Biomedical 

Author : Ms Temiz Cihan (ISTANBUL UNIVERSITY-CERRAHPASA, Turkey) 

Co-author(s) : Prof Dr Mutlu Ilven (ISTANBUL UNIVERSITY-CERRAHPASA, Turkey) 

Title : Production And Nondestructive Characterization Of Novel Beta Type Ti-Mo-Sn 

Based Alloys 

Keyword(s) : 

Biomaterials, Beta-Titanium, Metastable-beta Titanium, Powder Metallurgy Method, Non-destructive Tests, Ti-

Mo-Sn based Alloys, Destructive Tests 

Abstract : 

In this study, novel Ti-Mo-Sn-X alloys for biomedical applications was produced and investigated. Precipitation 

hardenable beta-titanium and metastable-beta titanium alloys, which having lower elastic modulus, were produced 

by mechanical alloying-powder metallurgy method. Mo, Co, Sn, Ta, Mn, Al, Cu and Nb were added to obtain suitable 

molybdenum equivalency, which is necessary for metastable beta-Ti phase. Ti alloy powders were prepared by 

mechanical alloying method in a ball mill and the powders compacted. The green specimens were sintered in a 

vacuum environment. Properties of the Ti alloys were studied by nondestructive eddy current test and ultrasonic 

test. Effect of the alloying elements on elastic modulus and corrosion behaviours of the specimens were studied. 

Microstructure and electrical conductivity properties of the sintered alloys were studied by eddy current tests. 

Effect of alloying elements on the electrical conductivity was determined. Electrochemical corrosion behavior of 

the specimens was studied in simulated body fluid solution. 

Innovative Aspect(s) : 

Although there are studies on metastable-beta-Ti and beta-Ti alloys, there is no study on the low-modulus 

precipitation hardenable Ti-Mo-Sn alloy in the literature. Mechanical properties of the beta-Ti and metastable-beta-

Ti alloys can be increased by aging. Ti alloys exhibit high biocompatibility, high corrosion resistance and low density. 

But, their wear resistance is low for the implant applications. In this study, titanium alloys were alloyed to enhance 

the wear resistance. In addition, nondestructive characterization of the microstructure and mechanical properties 

of the Ti alloys is novel. 
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Title : Effect Of Powder Surface Oxides In Ensuring A Reproducible Homogenous 

Microstructure In Powder Processed Mg-0.6Ca Alloy 

Keyword(s) : 

Magnesium-Calcium, Sintering, Grain Growth, Surface Oxides, Reproducibility 

Abstract : 

Abstract: Liquid phase sintered biodegradable Mg-0.6Ca alloy generally exhibits an isotropic microstructure with 

homogenously restricted grain size of 30 µm, even after long sintering durations of 60 h at 625 °C. Such sintered 

microstructures reveal the presence of numerous impurity oxide particles at the grain boundaries, which are evident 

also on the initial gas atomized powder surfaces. However, after a mechanical powder sieve treatment for 20 min, 

the surface SiO2 concentration dropped from initially 220 ppm to 85 ppm, resulting in heterogeneous grain 

coarsening after sintering for 18 h at 625°C. For the use of Mg-Ca materials as biodegradable implants, 

reproducibility of in vitro degradation results is a prerequisite, for which a homogenous grain structure is desired. 

However, the lowered oxide-pinning effect at certain grain boundaries created heterogeneous grain coarsening and 

this indicates the necessity for the careful handling of fine powders to ensure repeatability in degradation and 

mechanical properties. 

Innovative Aspect(s) : 

Magnesium and its alloy are regarded as potential candidates for orthopedic implant applications. Their mechanical 

properties match to that of human cortical bone and they degrade in physiological human body conditions 

eradicating the need for a second surgery. Addition of calcium to oxygen-sensitive pure magnesium  innovates the 

fabrication of near-net shape magnesium materials by powder metallurgy route. Our previous results have shown 

that powder processed Mg-0.6Ca alloy exhibits a very low in vitro degradation rate nearing 0.3 mm|year until 

specimen porosities of 10%. A fine-grained homogenous microstructure is contributing to this reproducible 

degradation behavior. A similar microstructure is evident in additively manufactured viz 3D printed magnesium 

materials which innovates further the tailoring of material degradation and mechanical properties to suit patient-

specific bone fracture needs. 
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Title : Selective Laser Melting And High Pressure Torsion Of Βeta Ti Micrometric Powders 

For Implant Applications 

Keyword(s) : 

Selective Laser Melting, High Pressure Torsion, Elastic Modulus, Βeta Ti Alloys, Atomized Powders, Implant 

Applications 

Abstract : 

ß Ti alloys are acclaimed for biomedical applications due to their mechanical properties, good biocompatibility and 

corrosion resistance. For orthopedic applications, there is a considerable difference between elastic modulus of Ti 

and a+ß alloys, from E = 100 to 110 GPa, and that of human bone (E = 30 GPa). In this context, the selective laser 

melting (SLM) of ß Ti-15Nb (wt%) appears, since it shows lower Young modulus. Another route is the HPT of ß 

alloy Ti-42Nb (wt%) atomized powder in order to obtain near net shape nanocrystalline structure. Characterization 

of SLM of Ti-15Nb and HPT of Ti-42Nb alloys was done by optical microscopy, XRD, SEM and TEM coupled to 

ASTAR technique. Elastic modulus via impulse excitation were evaluated for SLM of Ti-15Nb alloy with a´+ ß 

microstructure and for HPT of stable ß Ti-42Nb, showed, respectively, elastic modulus of around 60 and 62 GPa 

for biomedical applications. 

Innovative Aspect(s) : 

The LPBF process successfully obtained in-situ alloying of Ti-15Nb from pure powders. Martensitic alda' and beta 

phases were found by XRD, SEM, and TEM analysis, depicting a homogenous and dense Ti-15Nb alloy manufactured 

using high energy density, exhibiting fractions of porous and unmelted Nb particles below 0.5 %. Vickers hardness 

measurements show low dispersion and consistent values with a martensitic a' phase of about 318 HV, 

corroborating with microstructural characterization. A low Young’s modulus of about 64 GPa was found for denser 

sample and these findings highlight a promisor in-situ laser alloying of Ti-15Nb for biomedical applications. HPT at 

6 GPa of stable β Ti-42Nb after 10 turns with nanocrystalline grain size of ~50 nm showed compression stremght 

of 1400 MPa, Vickers microhardness of 300 HV and elastic modulus of E= 62 GPa suitable for biomedical 

applications. 
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Title : Sintering Of Novel Bioresorbable Mg-Sr-Ca Alloys For Biomedical Applications 

Keyword(s) : 
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Alloy Development 

Abstract : 

Magnesium (Mg) alloys have been receiving increased attention as an emerging class of biomedical metallic materials 

due to their outstanding combination of biocompatibility and bioresorbability. The customisation of biomedical Mg-

based alloys via additive manufacturing (AM) technologies has remarkably enabled patient-specific designs over a 

short period of time. However, the low sinterability of Mg-based alloys is a key issue limiting the efficiency of post-

processing required for the low temperature AM techniques (i.e., extrusion-based techniques). Hence, the aim of 

this work is to fundamentally evaluate the sinterability of the thermodynamically designed Mg-Sr-Ca based alloys 

processed by powder metallurgical routes in terms of porosity level and|or wettability of the target alloys. 

Differential scanning calorimetry (DSC) was used to select the sintering parameters. Materials characterisation was 

employed (Scanning Electron Microscopy (SEM|EDS) and X-ray Computed Tomography) to determine the porosity 

level and the effects of powder size|morphology on sinterability. 

Innovative Aspect(s) : 

Intrinsic properties of magnesium (Mg), such as high oxygen affinity, low ignition temperature and high vapor 

pressures, lead to safety concerns as well as lower mechanical performance when high temperature AM techniques 

(i.e., selective laser melting) are used. The use of low temperature AM techniques are more compatible with the 

aformentioned Mg inherent challenges. However, poor sinterability of Mg alloys is the main issue related to the low 

temperature AM techniques. Based on the literature, there are limited Mg-based alloys (mainly commercial series) 

for biomedical applications.Therefore, Mg alloy development by thermodynamic calculations and the choice of 

proper alloying additions are the first innovation in this work. Also, liquid phase sintering (LPS) was employed in 

this project to improve Mg sinterability. A dedicated powder (as the starting material for the sintering)preparation 

process was used, and the fundamental investigations of liquid-solid interactions during LPS was studied proving the 

novelty of this work. 
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Title : Development, Structural Characterization, And Laser Beam Powder Bed Fusion Of 

Ti|Nb|Ta Alloy Powders 

Keyword(s) : 

Electrode Induction-Melting Gas Atomization (EIGA), Titanium|Niobium|Tantalum, Pre-Alloyed Refractory Metal 

Powder, Laser-Beam Powder Bed Fusion, Biomedical Alloy 

Abstract : 

The development of spherical Ti|Nb|Ta alloy powders in a wide composition range by electrode induction-melting 

gas atomization (EIGA) and their processing by laser beam powder bed fusion are reported. Microstructure 

investigations by X-ray diffraction, scanning electron microscopy including energy dispersive X-ray spectroscopy 

and electron backscatter diffraction reveal a significant impact of the composition on the structural properties, i.e., 

phase evolution of the materials, and the possibility for a direct microstructure design. Ti-rich alloys preferably 

solidify in the orthorhombic a’’-phase, whereas in Nb|Ta-rich alloys the body-centered cubic ß-phase is observed. 

The alloys possess a very broad processing window and can be printed to full density over a wide range of printing 

parameters. Additively manufactured Ti-27Nb-6Ta shows a unique behavior, since strength and elongation at failure 

strongly depend on the printing parameters applied. The underlying microstructural mechanisms, i.e., the influence 

of the laser energy on texture effects and phase formation, are discussed. 

Innovative Aspect(s) : 

The paper describes Ti|Nb|Ta alloys for use in orthopedic and dental implants. The materials have the highest level 

of biotolerance, are non-toxic and non-allergenic. Compared to standard materials, they have very high elasticity 

and high strength. The microstructure can be specifically adjusted by varying the chemical composition. The 

mechanical properties of one of the alloys presented can be varied in a targeted manner by using different 3D-

printing parameters. Even when printing at full density, strengths and elongation at failure can be specifically adjusted 

over a larger range, which enables the production of implants with graded mechanical properties. 
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Title : Additive Manufacturing Of Polycaprolactone (PCL) Scaffolds Produced By Materials 

Extrusion 

Keyword(s) : 

 

Abstract : 

Materials extrusion-based additive manufacturing is known as a promising technique to fabricate the scaffolds due 

to affordability, versatility, and wide acceptance of various materials. The reliability and controllability of the printing 

process are necessary to produce scaffolds with desired properties for tissue engineering. Analytical models are 

developed in this study to simulate the geometric characteristics of cylindrical polycaprolactone (PCL) scaffolds 

produced by the materials extrusion-based additive manufacturing technique using fluid mechanics. The geometric 

characteristics of the PCL scaffold can be predicted by using extrusion pressure, temperature, nozzle diameter, 

nozzle length, and printing speed. The effectiveness of models is verified through comparison with the experimental 

results. Simulation results show that geometric characteristics have a strong relationship with processing 

parameters, and the developed models are useful in predicting the geometric characteristics of the scaffold structure 

produced by the materials extrusion-based additive manufacturing technique. 

Innovative Aspect(s) : 
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Title : Lessons Learnt - Development Of Additive Manufacturing For Soft Magnetic Electric 

Motor Components 

Keyword(s) : 

Additive Manufacturing, Soft Magnetic, Electrification, Electric Motor, Gas Atomization, Laser Powder Bed Fusion 

Abstract : 

Clean electrification is pivotal in the European Green Deal for effective decarbonization and climate change 

mitigation. The shift towards electrification in processes and mobility is driving a surge in demand for components 

like electric machines. This necessitates innovations to meet future requirements, including higher efficiencies, 

power densities, lighter weights, and customized solutions. Additive Manufacturing (AM) emerges as a crucial 

enabler for producing components with unprecedented designs and performance. This study summarizes 

development of the Laser Powder Bed Fusion (L-PBF) route for soft magnetic electric motor components. It 

encompasses the customization of Fe-Si soft magnetic material for the L-PBF process, culminating in the 

demonstration of electric motor stator and rotor components. The paper highlights key findings and challenges, 

addressing the impact of alloying elements, L-PBF parameters, and post-processing routines on magnetic 

performance. 

Innovative Aspect(s) : 

Novel Fe-Si-X tailored for additive manufacturing Methods to suppres eddy currents;  Demonstration of real stator 

and rotor component 
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Title : High Entropy Alloys Resistant To Hydrogen Embrittlement: Influence Of 

Composition, Microstructure And Processing Route 

Keyword(s) : 
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Embrittlement 

Abstract : 

The battle against climate change requires alternative and renewable energy supplies, where hydrogen has emerged 

as an excellent candidate. Its most cost-effective storage is in its gaseous form, with the use of metallic pressure 

vessels. Compared to traditional compositions, such as austenitic steels, novel High Entropy Alloys (HEAs) have 

demonstrated to attain stable phases resistant to the phenomenon of embrittlement in presence of hydrogen. In 

this investigation, two HEAs compositions have been studied: CoCrFeNiMo2.1, a monophasic (FCC) alloy, and 

AlCoCrFeNi2.1, a biphasic-eutectic (BCC+FCC) one. They were processed by two powder metallurgy routes: 

Spark Plasma Sintering (SPS) and Laser Powder Bed Fusion (LPBF). Moreover, an annealing thermal treatment was 

applied to LPBF samples, seeking to study the variation of the microstructural scenario and its effect in hydrogen 

diffusion. Resultant samples were tested in terms of their mechanical properties –bending and tensile strength in a 

hydrogen atmosphere– as well as hydrogen permeability. 

Innovative Aspect(s) : 

This investigation brings together two critical challenges. The first pertains to the urgent need for the development 

of materials resilient to hydrogen embrittlement, an area where conventional alloys –notably those based on Fe– 

have demonstrated inherent limitations. Concurrently, it encompasses the implementation of new high entropy 

alloy variants, tailoring both monophasic and biphasic structures. These new compositions are crafted through 

different powder metallurgy methodologies, such as field-assisted sintering and laser-based 3D printing. The main 

objective is to assess the influence of the present phases and processing stage on the mechanical properties 

exhibited by metallic materials exposed to hydrogen. This comprehensive assessment not only aims to address the 

immediate challenge of hydrogen embrittlement but also seeks to pave the way for the development of materials 

with enhanced resilience and tailored mechanical characteristics for a wide array of applications in diverse industrial 

sectors. 
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Title : Co-3YSZ Functional Layers On Monoliths Produced By Direct Ink Writing For 

Catalytic Applications 

Keyword(s) : 

Direct Ink Writing, Ethanol Steam Reforming, Zirconia Stabilized with 3 mol% yttria, Cobalt, Catalytic 

Applications, Dip Coating 

Abstract : 

Direct Ink Writing(DIW) is an innovative technique for fabricating complex ceramic catalysts with several 

advantages compared with traditional catalysts. However, these catalysts still face challenges in achieving exceptional 

catalytic performance and structural integrity.  This study focuses on DIW-fabricated 3mol% yttria-stabilized 

zirconia(3YSZ) monoliths coated with a cobalt-3YSZ catalytic functional. The fabricated monoliths, after sintering, 

were coated by dip-coating method, using inks based on cobalt(II) acetate-tetrahydrate and 3YSZ, and re-sintered. 

The microstructure of coated monoliths was characterized by field-emission-scanning-electron-microscopy 

equipped with an EDX detector, and focused-ion beam, Raman spectroscopy. Finally, the catalytic performance of 

monoliths was investigated by conducting the Ethanol Steam Reforming reaction. Results show that the dip-coating 

process uniformly coated the monoliths. The coated monolith significantly enhanced catalytic performance and 

reduced the complete ethanol conversion temperature compared with the uncoated. The catalytic activity of the 

coated monolith was close to the Co-3YSZ DIW-fabricated monolith and additionally enhanced its structural 

integrity. 

Innovative Aspect(s) : 
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Keyword(s) : 
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Abstract : 

In France, fast neutron nuclear reactors used austenitic steel as cladding material. These alloys exhibit good high 

temperature mechanical properties and they can withstand very high irradiation doses. To further increase the 

performance of these alloys, recent studies have indicated that a dense, uniform particles dispersion, along with a 

high dislocation density, could delay or even prevent irradiation damage in austenitic steel. One proposed method 

to achieve this is through oxide dispersion strengthened austenitic steel. However, the high ductility of austenitic 

steel significantly reduces the yield of powder production during mechanical alloying. To overcome this issue, 

multiple batches were produced and consolidated using high-energy horizontal attritor at times ranging from 5 to 

40hours. Powder characteristics were tracked (granulometry, morphology…) as well as the SPS compacts (grain 

size, precipitation, microhardness…). In perspective, a cryo-milling campaign is about to commence to assess its 

ability to inhibit the prominent coldwelding of austenitic steels. 

Innovative Aspect(s) : 

The paper focus on the elaboration of austenitic steel ODS using a very high energy horizontal attritor which isn't 

commonly used. Moreover, following the evolution of the powder as well as the SPS compacts over time allows us 

to determine the optimal parameters of mechanical alloying. 
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Abstract : 

Metal additive manufacturing (AM) enables intricate designs, particularly beneficial for complex fluid applications in 

gas turbines. Despite its advantages, AM introduces higher surface roughness compared to conventional 

technologies. In the powder bed fusion–laser beam (PBF-LB) process, surface roughness elements can create 

blockages in small channels, leading to increased friction. Understanding how features like adhering powder 

particles, spatter, and melt tracks interact with fluid flow is essential for modeling friction in channel flows. This 

study statistically characterizes surface roughness variation, considering printing parameters and orientation, 

utilizing optical profilometers and microscopy. Test samples in stainless steel 316L include flat surfaces and channels 

oriented from 0° to 90° with 20° intervals. Adhering powder particles are primary inducers of channel roughness, 

exhibiting positive skewness and high slopes. The density of powder particles on flat surfaces is significantly lower. 

Therefore, other variables including melt tracks, printing direction, and power input, influence surface 

characteristics more. 

Innovative Aspect(s) : 

Presently, there exists limited literature concerning Additively Manufactured (AM) surface roughness in small 

channels for fluid applications. Empirical evidence suggests that surface roughness may elevate pressure loss by up 

to 40% in some gas-turbine components. To effectively model this roughness, a comprehensive foundation of 

statistics and data is imperative. Our research is focused on filling this gap in the literature. 
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Abstract : 

Development of high-density radiation shielding is one of the key aspects in nuclear future reactors to decarbonize 

global energy production. The current candidate materials based on refractory metals and tungsten-based alloys do 

not yet meet the engineering requirements of a practical power generating compact spherical tokamak (cST) 

reactor. Radiation shielding materials must fulfil not only the materials challenges and radiological safety 

requirements, but also the regulatory requirements in the case of accidents. Cemented tungsten carbide (cWC)-

reactive sintered boride (RSB) composites are recently considered as a promising candidate as compact radiation 

armour for proposed spherical tokamak. This review presents the synthesis and characterization of cWC-RSB 

composites under various processing conditions for nuclear radiation shielding. The prediction of compositions and 

synthesis parameters of cWC-RSB composites using the CALPHAD method is also discussed. The radiation 

attenuation capabilities, radiation damage and mechanical properties of cWC-RSP composites under various 

scenario, simulations and conditions are discussed. 

Innovative Aspect(s) : 
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Abstract : 

First wall (FW) materials for future fusion reactors have tungsten (W) and ferritic|martensitic steel (FMS) as prime 

materials. The significant difference in thermo-physical properties of W-FMS joints, specifically, high ductile-brittle 

transition temperature (DBTT) in W making it brittle at low temperatures and embrittlement due to 

recrystallization. Cemented tungsten carbide (cWC)-reactive sintered boride (RSB) composites are considered as 

promising candidate to develop reliable joining technology albeit cWC-RSB to steel joint is challenging. Brazing is a 

prospective technology; brazing experiments were conducted using Cu-based and FeCr-based interlayers|foils with 

low-activation elements and high Z-materials. This study compares the effect of brazing compositions, temperature 

and holding time. The microstructures, mechanical properties, and the strength of brazed joints were investigated 

using SEM, EDS and EBSD analysis with microhardness and fracture toughness. The results show that cWC-RSB to 

steel successfully joined by brazing, achieved like W-steel joints and boron in cWC-RSB suppresses the thermo-

physical property mismatch. 

Innovative Aspect(s) : 
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Abstract : 

In response to the recent demand for innovation in new sustainable energy sources, nuclear fusion emerges as a 

highly relevant and significant process. Given the international effort invested in manufacturing functional reactors, 

Additive Manufacturing (AM) stands out as a technology that can contribute to meeting the challenges and objectives 

of applications requiring advanced designs. This study explores the manufacturability of P91 alloy using Binder Jetting 

(BJ) for high-pressure applications, including those within prospective fusion reactor systems. Following the 

optimization of the AM process, subsequent adjustments in sintering, Hot Isostatic Pressing (HIP), and various 

required heat treatments have resulted in excellent material quality in terms of microstructure. Therefore, this 

study validates the successful use of BJ technology for employing P91 alloy. 

Innovative Aspect(s) : 

This study presents, for the first time in the literature to the best knowledge of the authors, the exploration of the 

P91 alloy through Binder Jetting, yielding excellent  microstructural results. Validating this alloy for this 

manufacturing technology opens numerous possibilities for future applications across various sectors and industries, 

particularly in the development of components for the future energy landscape. This contribution aligns with 

ambitious decarbonization goals and environmental improvement efforts. 
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Title : Modelling Of The Fuel Sintering Process 

Keyword(s) : 

Sintering, Modelling, Parametric Studies 

Abstract : 

Framatome manufacturing plants use walking-beam furnaces to sinter large productions of fuel pellets. The sintering 

process of different products in the same equipment is complex with sublimation and reduction reactions involved, 

but also densification and grain-growth. Hence, Framatome started to model it with several benefits: - Increase 

reaction knowledge- Perform parametric studies without using the production equipment- Increase performance 

by process optimisation- Compare the different equipment within Framatome and use the best developments - 

Create teaching tools through theoretical description of the process and its key influencing parameters.The 

modelling is a step-by-step approach: first the geometry, gas flows and temperature were established, then adding 

more detailed pieces. Validation of the model is then done with experimental data from production campaigns. 

Afterwards, parametric sensitivity calculations can be performed to evaluate the influence of different parameters 

such as gas mixture, temperatures and therefore optimize the sintering. 

Innovative Aspect(s) : 

Use modelling to perform parametric testing, better knowledge of the equipment, improve product quality. 
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Abstract : 

The ceramic-grade nuclear powder can be produced under two main routes, dry or wet "reconversion" processes, 

consisting in transforming crystalline UF6 as UO2 powder usable to produce fuel pellets. The dry conversion 

processes, used in Framatome, are divided in two steps: pyrohydrolysis and reduction by thermal treatments. The 

process used in Romans manufacturing plant has been studied years ago, but the improvements applied since and 

the product evolution associated have not been modelled.First, the UF6 to UO2F2 reaction and vessel are being 

modelled, with as benefits: Better understanding of the process, Set-up parametric tests without using industrial 

equipment, Development of a numerical twin to be used as a training tool.In a further extent, the purpose is to be 

able to model the whole reaction vessel and calciner, including the chemical and thermic reactions, in order to 

correlate the final UO2 properties to the process parameters. 

Innovative Aspect(s) : 

Chemical reaction modelling; Improvement of process understanding; Set-up of numerical parametric tests 
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Abstract : 

Hybrid materials boast appealing characteristics that align well with various design requirements. By merging the 

attributes of constituent components, hybrid tool steels possess unique properties including enhanced fatigue life, 

improved toughness, and superior abrasive wear resistance. However, manufacturing hybrid tool steels that 

integrate two distinct materials through traditional methods presents significant challenges. This study focuses on 

the consolidation of one cold work tool steel powder on a hot work tool steel via hot isostatic pressing (HIP). 

Microstructure, defects and mechanical characteristics in terms of microhardness have been investigated. The 

microstructural evaluation, conducted using scanning electron microscopy (SEM), energy dispersive X-ray 

spectroscopy (EDS) and X-ray diffraction (XRD), yielded results that correlate well with computational simulations. 

The findings in this study conclusively demonstrate a robust bond between the two tool steels and successfully 

manufactured hybrid material through HIPing. 

Innovative Aspect(s) : 

Our project introduces a pioneering approach to manufacturing hybrid tool steel, which will aid the tool-making 

industry in several ways. Firstly, by combining the properties of cold work and hot work tool steels, we can open 

up new opportunities that significantly enhance fatigue life, toughness, and abrasive wear resistance. This innovative 

product not only meets design requirements but also reduces processing steps and costs, contributing to 

sustainability within the manufacturing sector. Furthermore, our utilization of Hot Isostatic Pressing (HIP) offers a 

game-changing advantage. HIP not only consolidates high-alloyed tool steels but also enables the cladding of two 

distinct materials, resulting in a finer and more homogeneous microstructure. This process ensures the production 

of fully dense, pore-free materials, setting a new standard for tool steel manufacturing. With these techniques, our 

research promises to shape the future of tool steel production, meeting industry demands for higher performance 

and sustainability. 
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Abstract : 

Additive manufacturing offers numerous possibilities for toolmaking, such as the integration of internal cooling 

structures. Another important aspect is minimizing the necessary post-processing steps through near-net shape 

manufacturing, which allows for significant cost savings, particularly with hard-to-machine carbide-rich tool steels. 

Previous research projects have examined processing using laser-based methods (PBF-LB|M). Due to locally high 

cooling rates and associated residual stresses, cracks often occur in high-strength tool steels. In this study, the cold 

work steel AISI A11 X245VCrMo10-5-1 was successfully fabricated using Metal Binder Jetting and sintered under 

two different conditions. The resulting microstructure was examined to establish a correlation between the 

sintering conditions and mechanical properties. The mechanical properties are compared with those from the 

conventional manufacturing route. The study demonstrates that the production of tools from high-strength tool 

steels using Metal Binder Jetting represents a promising alternative to the conventional manufacturing route. 

Innovative Aspect(s) : 

The innovative aspects of this study lie in the application of metal binder jetting for the production of high-strength 

tool steels, in particular the cold work tool steel AISI A11 X245VCrMo10-5-1. By demonstrating that metal binder 

jetting can be a promising alternative to conventional manufacturing processes for the production of tools made of 

high-strength tool steels, the study underlines the potential for significant advances in toolmaking. In addition, the 

focus on near-net-shape manufacturing and the minimization of post-processing steps underlines the potential for 

cost savings and efficiency gains in toolmaking through additive manufacturing processes. 
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Precision Glass Molding 

Keyword(s) : 

MAX-Phase, FAST, Precision Glass Molding, Thermal Expansion, Composite 

Abstract : 

Precision molding is an established technology for producing aspherical lenses by forming a glass blank with high-

precision tools. Tungsten carbide is currently used as the tool material due to its stiffness, temperature stability, 

and high heat conductivity. However, the low coefficient of thermal expansion (CTE) limits the range of possible 

optical glasses, since CTE differences between glass and tool increase the risk of glass breakage or undesired 

geometry deviations.In this study, TiC reinforced Ti3SiC2 is assessed as a possible new generation tool material 

allowing the CTE to be adjusted by the degree of TiC filling. These MAX-phase composites are produced by field-

assisted sintering in two different routes: (i) using commercial Ti3SiC2 powders and (ii) the in-situ formation of 

Ti3SiC2. It is systematically investigated how the filling degree of the carbide phase and the sintering parameters 

influence thermal expansion, microstructure, and machining process. 

Innovative Aspect(s) : 

MAX phases are materials with a unique combination of metallic and ceramic properties. However, no industrial 

application of these materials has yet been established. Our investigations in the field of material development and 

production technology show to what extent MAX phase composites are suitable as forming tools for precision 

glass molding and which deficits still need to be overcome. 
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Abstract : 

This work presents the alloy TS-CF1, a new cobalt-free stainless maraging steel designed specifically for laser-based 

powder bed fusion using a computer-based alloy design approach. The aim was to create a material that easily 

printable, while performing similarly to the common maraging variant 18Ni-300. After exploring various 

compositions, we settled on Fe-13.2Cr-9.1Ni-1.1Al-0.6Mo-0.5Nb-0.23Ti-0.5Mn-0.5Si (wt.%). This composition 

exhibited excellent printability at 40, and 80 µm layer thicknesses with minimal porosity. The precipitation response 

was assessed by aging at 500 °C, in both as-printed and solutioned conditions. A balanced set of properties was 

reached after aging between 3 and 6 hours, reaching 50 HRC. Different conditions were microstructurally 

characterized using EBSD and XRD, showing a mostly martensitic structure with some retained austenite. The 

tensile strength was between 1560 and 1700 MPa, where higher strength was reached by performing a solutioning 

heat-treatment. Long-term high temperature exposure tests showed good resilience against precipitate coarsening. 

Innovative Aspect(s) : 

The innovation is that it is a Co-free stainless, printable, age-hardenable alloy that was developed using the 

CALPHAD methodology. The alloy reaches relatively high hardness of 50 HRC and retains it after pro-longed 

exposure to higher temperatures, which is otherwise difficult to accomplish using carbon alloyed steels without 

cracks or defects. Effects of microstructural constituents on mechanical performance are explored and elucidated. 
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Abstract : 

In the scope of Industry 5.0 applied to the cutting tools industry, the advent of smart cutting tools consisting in the 

integration of sensors in cutting tools to monitor, and thus help control and adjust in real time different aspects of 

a machining process, arises as a unique opportunity to achieve unprecedent levels of operational efficiency and 

productivity. Therefore, this work focuses on the incorporation of temperature sensors in WC-Co cutting tools 

for measuring cutting temperature, through the fabrication of 3D printed K-type embedded thermocouples by 

multi-material laser powder bed fusion. The thermocouples powder composition was prepared through high-energy 

ball milling and properly characterized to guarantee the characteristics for laser powder bed fusion. Validation in an 

industrial environment during turning of different alloys revealed that the developed 3D printed embedded 

thermocouples can measure precisely and accurately cutting temperature in real time, as well as withstand the 

demanding turning process. 

Innovative Aspect(s) : 

To the authors best knowledge, the present study is the first reporting the fabrication of 3D printed embedded 

thermocouples by additive manufacturing technologies for cutting temperature measurement during machining 

applications. Moreover, a multi-material laser powder bed fusion approach was employed for the fabrication of the 

embedded thermocouples, which allied to the high fabrication freedom of this technology, allows the development 

of smart cutting tools with an extraordinary level of functionality, adaptability and tailorability. 
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Abstract : 

The corrosion behaviour of some hardmetal compositions is a main drawback for many applications. In wear parts 

operating in acidic media, cobalt is (Co) usually partially or totally substituted by nickel (Ni) and chromium (Cr), to 

increase the corrosion resistance of the binder.In hardmetals for metal forming tools, where high-volume fractions 

of binder are needed, the use of alternative binders, namely CoNiCr, is practically unexplored. The study of 

corrosion and wear behaviour of hardmetals with high contents of these compositions is increasingly necessary in 

these applications. The degradation of mechanical properties induced by corrosion and wear damage can decrease 

the service time of forming tools being an additional motivation for this research.This work studies the influence of 

binder composition in the performance of hardmetals with binder contents from 20 to 30 wt.%, in different 

tribological and corrosive environments, assessing the effects of adding Ni and, simultaneously, Cr. 

Innovative Aspect(s) : 
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ID : 6277150 

Requested presentation type : Oral Presentation 

 

Topic : Tools for Improving PM Subtopic : Design & Modelling 

Author : Dr Andersson Michael (Höganäs AB, Sweden) 

Co-author(s) : Dipl-Ing Johansson Pernilla (Höganäs Sweden AB, Sweden); Dipl-Ing Heinrich Heike (Höganäs 

Sweden AB, Sweden) 

Title : Modelling Of The Sinter Hardening Behavior Of Astaloy® CrS 

Keyword(s) : 

Sinter Hardening, Modelling, Hardenability 

Abstract : 

Sinter hardening is a cost efficient manufacturing process for press and sinter. At the same time material selection 

is crucial to make sure sufficient hardenability is reached. By selecting a higher alloyed material, hardenability can 

easily be satisfied, however this also increases the material cost. Thus, it’s interesting to be able to optimize the 

composition. In this paper the potential to use Astaloy® CrS, a newly developed lean chromium grade, is 

investigated for sinter hardening in different combinations with nickel and graphite. A model is presented, where 

the cooling rates for sinter hardening conditions are calculated given the component size. The calculated cooling 

curves are then combined with hardenability data for different compositions to estimate the resulting structures. 

This way material composition can be optimized given a certain component geometry. Finally, the results are 

compared with experimental data to validate the model. 

Innovative Aspect(s) : 

A new modedlling tool to optimize material selection for sinter hardening, and balance aspects such as hardenability 

vs. cost. 
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ID : 6278535 

Requested presentation type : Oral Presentation 

 

Topic : Tools for Improving PM Subtopic : Design & Modelling 

Author : Mr Scholzen Philipp (Höganäs, Germany) 

Co-author(s) : Mr Andersson Michael (Höganäs AB, Sweden) 

Title : Modelling Surface Densification Rolling Of Powder Metal Gears 

Keyword(s) : 

Gear Manufacturing, Gear Production, Cold Rolling, Surface Densification, Modelling, Simulation, Gears  

Abstract : 

The powder metallurgical (PM) process chain is a great opportunity for gear manufacturing regarding both material 

and energy consumption when compared to the conventional gear production. However, the remaining porosity 

after pressing and sintering results in a lower load capacity of the tooth flank and tooth root. Therefore, PM gears 

for high performance applications are surface densified to increase the density of the surface of the tooth. This 

paper presents a new general approach of modelling the surface densification rolling process of PM gears. Using the 

finite element analysis, the material behavior, geometry, and process kinematics are modelled. The method leads to 

a prediction of the densification profile as well as geometry and can be used as a tool to optimize the rolling process. 

The results are evaluated and discussed in relation to the process parameters and material behavior. 

Innovative Aspect(s) : 
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Paper Number : T03 
ID : 6278578 

Requested presentation type : Oral Presentation 

 

Topic : Tools for Improving PM Subtopic : Design & Modelling 

Author : Mr Tischel Frederik (University of Bremen, Germany) 

Co-author(s) : Prof Dr Ploshikhin Vasily (University of Bremen, Germany) 

Title : Determination Of Process-related Time-dependent Sinter Strain And Viscosity To 

Simulate Distortion In Sinter-based Additive Manufacturing 

Keyword(s) : 

Sintering, Metal Binder Jetting, Ti-6Al-4V, Viscosity, Sinter Strain 

Abstract : 

Sinter-based Additive Manufacturing (SBAM) methods, such as Metal Binder Jetting, bridge the high productivity 

rate of series production and freedom of design in additive manufacturing. However, SBAM requires a subsequent 

sintering process to achieve the desired material properties, resulting in distortion due to anisotropic shrinkage and 

creep distortion. Numerical simulation can be used to predict and compensate for this distortion. The numerical 

approach requires the determination of sintering strain and viscosity. These material parameters depend on many 

factors and thus many experiments are necessary to specify all dependencies.In this study, sintering strain and 

viscosity are determined as process-related, time-dependent material parameters directly from sinter dilatometer 

experiments on binder-jetted Ti-6Al-4V samples under different loads. This new way of determining the material 

parameters makes it possible to sufficiently reduce the overall experimental effort. Futhermore, it allows more 

accurate calculations of sinter distortion compared to the results obtained using the conventional way. 

Innovative Aspect(s) : 
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Author : Dr Samarov Viktor (Synertech PM Inc., USA) 

Co-author(s) :  

Title : Engineering Tools To HIP Large PM Complex  NNS Parts From The First Iteration 

Keyword(s) : 

HIP, Mathematical Modeling, Sustainable Technology 

Abstract : 

Dimensional capability, uniformity of mechanical properties, suppression of welds, fine grain size, suppression of 

welds, minimal machining and shorter lead times remain the main advantages of PM HIP.                                                                                                                                                                            

Recent developments in power generation require PM HIPed complex shape parts weighing many tons and very 

large dimensionally. To make this technology commercially  efficient, it is necessary to be able to manufacture such 

parts from the first iteration.  This requires the development through the process optimization and mathematical 

modeling of several important and innovative engineering tools ,  to ensure stable technological properties of 

powders, to  control entire process of HIP capsules design and fabrication,   to provide well controlled and stable 

boundary conditions on the surface of the capsules with powder during HIP and to ensure th e uniformity of 

mechanical  properties along the cross-section of the HIPed parts.The paper analyzes these engineering tools for  

development of large and heavy PM HIPed parts 

Innovative Aspect(s) : 

Ability to manufacture very large PM HIPed parts in one iteration using innovative tengineering tools  
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Topic : Tools for Improving PM Subtopic : Design & Modelling 

Author : Dr Ferraiuolo Alessandro (Marcegaglia steel, Italy) 

Co-author(s) : Dr Ferraiuolo Lorenzo (University of Trieste, Italy) 

Title : Mathematical Modelling Of Zinc-Aluminium-Magnesium (ZAM) Powder Melting In 

Zinc Melts 

Keyword(s) : 

Zinc-Aluminium-Magnesium Alloys, Surface Engineering, Powder Melting 

Abstract : 

This paper present a standard mathematical model treating the Zinc-Aluminium-Magnesium powder melting in a 

new process representing the merging of 3 different mature processes: additive manufacturing, surface engineering 

and hot dip galvanising. The aim is to obtain quite new coating systems constituted of unconventional compositions, 

including high entropy alloys, and thermodynamic phases both stable and metastable according with the specific 

cooling rate conditions adopted. The proposed approach will be used to explore the possibility to produce steel 

coated products with significantly higher corrosion resistance property. 

Innovative Aspect(s) : 

The paper deals of a quite new process under developing in Marcegaglia steel. The concept is the combination of 

powder addition on a liquid zinc layer. The result is a process much more sustainable (less global CO2 emissions) 

with respect to conventional routes. Many new alloy system can be achieved with this approach. This concept was 

filed recently (2023) for a patent application. 
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Author : Dipl-Ing Vornberger Anne (Fraunhofer IKTS, Germany) 

Co-author(s) : Dr Ing Pötschke Johannes (Fraunhofer IKTS, Germany); Dr Ing Steinborn Clemens (Fraunhofer 

IKTS, Germany); Prof Dr Michaelis Alexander (Fraunhofer IKTS, Germany) 

Title : Empirical Hot Hardness Model Of WC-Co Hardmetals 

Keyword(s) : 

Hardmetal, Cemented Carbide, WC-Co, Mechanical Properties, Hardness, Temperature 

Abstract : 

Hardmetals or cemented carbides are a widely used material for tools due to their excellent mechanical properties. 

In many applications WC-Co tools operate at high temperatures, which shows why the hot hardness of this material 

is of high interest. In this work the hot hardness of numerous WC-Co hardmetal samples was measured up to 900 

°C. The metallic binder contents ranged between 0 wt% and 20 wt% Co and WC grain sizes between 0.1 and 1.5 

µm. Both Co content and WC grain size significantly influence hot hardness, but the degree of influence changes 

with the temperature. An empirical model to estimate the hardness of WC-Co hardmetals up to 900 °C as a 

function of WC grain size and Co content is proposed and discussed. 

Innovative Aspect(s) : 

For the first time a relationship between hardness, temperature and composition|microstructure of WC-Co 

hardmetals is presented. This makes it possible to estimate the hot hardness up to 900 °C for a wide range of 

hardmetal grades from the room temperature hardness, WC grain size and Cobalt content. This offers an 

alternative to time-consuming and expensive hot hardness tests. 
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Topic : Tools for Improving PM Subtopic : Design & Modelling 

Author : Dr Liu Yan (Simtec Soft Sweden AB, Sweden) 

Co-author(s) : Dr Yan Zhenghua (Simtec Soft Sweden AB, Sweden); Mr Lv Zhoujin (CISRI -HIPEX 

TECHNOLOGY CO., LTD, China); Mr Li Jiawei (CISRI-HIPEX TECHNOLOGY CO., LTD, China); Dr Qi Wen 

(CISRI-HIPEX TECHNOLOGY CO., LTD, China); Dr Eklund Anders (CISRI-HIPEX TECHNOLOGY CO., LTD, 

China) 

Title : Fully Coupled And Efficient Simulation Of A Hot Isostatic Pressing Furnace 

Keyword(s) : 

Hot Isostatic Pressing, 3D full -scale Computational Fluid Dynamics Simulation, Gas Flow, Heat Transfer, Thermal 

Radiation, Gas Pressure 

Abstract : 

Hot Isostatic Pressing (HIP) is crucial for densifying and enhancing materials in industries such as aerospace and 

additive manufacturing. Optimizing HIP cycles and designing efficient furnaces are critical, with computer simulation 

of furnace processes being indispensable.This study addresses the convergence and the time-consuming issues of 

traditional simulations, by using a novel, fully coupled, and highly efficient Computational Fluid Dynamics (CFD) 

method. It models a complete 25-hour HIP cycle for a full-scale furnace, including heating, holding, and cooling 

phases, based on the given furnace power. The advanced approach enables detailed, fully coupled, and full-scale 3D 

computations of all critical processes like gas flow, pressure build-up, thermal radiative heat transfer, convective 

heat transfer, and conjugate heat conduction in solids. The simulated temperature and pressure closely match the 

experimental results. By avoiding the common pitfalls of error-prone simplifications, this method lays a strong 

foundation for optimizing HIP furnace design and operations. 

Innovative Aspect(s) : 

This study presents an innovative approach to Hot Isostatic Pressing (HIP) simulation, crucial for industries like 

aerospace and additive manufacturing. Traditionally, HIP simulations are hampered by convergence issues and time-

intensive processes. This research overcomes these challenges using a novel, fully coupled Computational Fluid 

Dynamics (CFD) method. It accurately models a complete 25-hour HIP cycle in a full-scale furnace, tailored to 

specific furnace power settings. The method's distinctiveness lies in its detailed 3D computations, encompassing all 

critical processes such as gas flow, pressure build-up, all forms of heat transfer, and conjugate heat conduction in 

solids. This comprehensive approach ensures a more accurate simulation of real-world conditions. Notably, the 

simulated temperature and pressure results closely align with experimental data, validating the method's reliability. 

By avoiding simplifications prone to errors, this study sets a  new standard in HIP furnace design and operations, 

paving the way for more efficient and optimized manufacturing processes. 
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Author : Mr Ritter Jörg (RTE Akustik + Prüftechnik GmbH, Germany) 

Co-author(s) :  

Title : Influence Of Material Strengths (density) On Resonance Analysis 

Keyword(s) : 

Resonance Analysis, Lightweight Material Structures, Quality Inspection 

Abstract : 

The strengths of material structures have an influence on the vibration behavior of a body. Resonance analysis uses 

the physical effect that a body vibrates at its resonance frequencies after suitable excitation. The resonance 

frequencies depend on the material density, the microstructure and the material strength. The harder a material is, 

the higher frequencies it vibrates. If cast metals vibrate in a range of 0 to 15,000 Hz, sintered metals vibrate in a 

range of 0 to 50,000 Hz.Highly dense tungsten alloys still exhibit vibrations at 200,000 Hz.The influence of materials 

on resonance analysis is illustrated using various application cases. 

Innovative Aspect(s) : 

Lightweight construction requires lighter material structures. Mainly it is realised by thinner material with stiffer 

design structures and harder material.These new material structures can be quality inspected with acoustic 

resonance. The knowledge of the influence of the material strenght and hardness herfore is essential. 
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Coromant, Sweden) 

Title : Constitutive Relationships For WC-Co During High-temperature Deformation 

Keyword(s) : 

Cemented Carbide, WC-Co, Hot Deformation, Constituive Equation, Creep Exponent, Activation Energy 

Abstract : 

Hot deformation of sintered WC-Co cemented carbides during hot compression testing was investigated in the 

temperature range of 700 to 1000°C and at strain rates from 0.0005 to 0.1 s -1.The stress-strain flow curves 

exhibited a peak followed by cavities leading to failure, and no steady-state stress was achieved. Cemented carbides 

with 6, 10, 12.5, 15 and 20 wt% Co and equal WC grain size were tested to describe the influence of the binder 

content. Constitutive equations were used to derive the flow stress behaviour of each composition. A physically 

based approach to find the materials constants accounting for the change of the microstructure with temperature 

was used. A fitting model to describe deformation rate according to stress was suggested for temperatures between 

775 and 1000°C and the deformation mechanisms taking place were discussed. 

Innovative Aspect(s) : 

It is the first methodical approach to understanding the high temerature deformation behaviour of WC-Co 

materials. Instead of cree, hot deformation was used in order to have the closest conditions to cutting tool 

application deformation. The analisis of the results leads to constitutive equations never developed before. 
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Author : Ing Rosenblad Louise (KTH, Sweden) 

Co-author(s) : Prof Larsson Per-Lennart (KTH, Sweden); Dr Staf Hjalmar (Sandvik, Sweden); Dr Larsson Henrik 

(KTH, Sweden) 

Title : Robustness Analysis Of A Constitutive Model For Cemented Carbide Sintering 

Keyword(s) : 

Constitutive Modelling, Sintering, Cemented Carbide, Dilatometer Experiment 

Abstract : 

By performing a dilatometer experiment, the measured shrinkage can be used to determine the adjustable 

parameters in a constitutive model for sintering. While the dilatometer machine is excellent at collecting data, its 

conditions differ from those in an industrial sintering oven. Therefore, the constitutive model must be robust. 

Different sintering time cycles have been used to optimize the adjustable parameters in the model. The initial density 

has also been investigated to better understand the sintering process. This is important since the relative density in 

the green body after compaction may vary. Before the particles start to sinter, during the debinding process, 

densification can be detected, which is dependent on the initial density. The constitutive model for sintering was 

improved to include this phenomenon by adding particle rearrangement based on the theoretical packing of spheres. 

Innovative Aspect(s) : 

A better understanding of how and when shrinkage occurs during sintering of cemented carbide will lead to a 

shorter and better product development stage. The results are used for a specific constitutive model, but the 

experimental method can be used as guidelines to other models as well. 
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Title : Using In-situ Process Monitoring  To Enhance The Homogeneity Of Printed Ti-6Al-

4V Alloy Microstructures At Overhangs 

Keyword(s) : 

Titanium, Process Monitoring, Microstructure, Porosity, Roughness 

Abstract : 

The evolution of laser powder bed fusion (L-PBF) has provided increased design flexibility in the fabrication of a 

range of parts, including aerospace components and medical devices. The presence of overhangs in metal alloy print 

structures, however, can give rise to enhanced levels of print defects such as porosity. This is associated with 

overheating of the alloy meltpool in the region around the overhang structures. This study demonstrated the 

effectiveness of in-situ meltpool process monitoring as a route to assist laser parameter optimisation for printed 

Ti-6Al-4V alloy parts. Informed by the observations from the process monitoring of the laser meltpool, the laser 

parameters are controlled to prevent overheating in the area around the overhang, yielding a more homogeneous 

printed part's microstructure. In addition to microstructure optimisation, the enhanced control of the L-PBF 

process yielded up to an 88% reduction in overhang roughness (Ra) and a 75% reduction in porosity. 

Innovative Aspect(s) : 

This work demonstrates the ability of an in-process data-based approach to help select the optimal L-PBF laser 

processing parameters during the printing of Ti-6Al-4V alloy microstructures at overhangs. This approach has been 

demonstrated to produce a more homogenous microstructure across the build, regardless of its geometry. This is 

achieved by controlling the laser energy during the L-PBF process to ensure that the alloy meltpools experience 

broadly homogeneous thermal processing conditions, as evaluated based on in-situ process monitoring. Achieving 

this has been shown to successfully print alloy parts exhibiting reduced porosity and a more uniform overhang 

roughness and microstructure. Thus reducing the level of anisotropy of the part's material 
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Title : A Rationalization Of Material Characterization And Fluid Modelling 

Interdependencies 

Keyword(s) : 

PIM Simulation, Feedstock Data Assessment, Digital Twin 

Abstract : 

Although key words like digital twin, digitalization, big data etc. are dominating our ideas for the future world of 

manufacturing there is still the demand for particular determination of real material parameters. Simulation of 

Powder Injection Molding (PIM) makes no exception, however, due to the high degree of particle filling even 

marginal changes of the initial values may lead to thorough differences of the results. The matrix of necessary 

material data (viscosities, pvT-data, etc.) will be evaluated with respect to validity and possibilities for improved 

material characterization will be proposed. It will be explained how particular material parameter variations 

influence final simulation results and how the reliability will be affected. 

Innovative Aspect(s) : 

PIM simulation optimization; PIM material data improvement; Digital twin capability 
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Title : Effect Of Density On The Mechanical Performance Of Astaloy® CrS And Fe-Cu-C 

After Heat Treatment 

Keyword(s) : 

PM Steels, Astaloy CrS, Cr Pre-Alloyed, LPC, Gas Carburising, Density 

Abstract : 

Astaloy® CrS is a Cr pre-alloyed water-atomised powder containing 0.85wt.%Cr and 0.15wt.%Mo, developed as a 

sustainable alternative to Fe-Cu-C PM steels. For applications demanding higher performance, secondary operations 

such as heat treatments(HT) are necessary. Carburising is one HT process to improve surface hardness, wear 

resistance and fatigue strength, leading to superior performance. For Fe-Cu-C materials, gas carburising(GC) is 

conventionally used, but for Cr pre-alloyed materials, low-pressure carburising(LPC) is preferred since it prevents 

oxidation. This investigation assesses the processing capabilities and the material requirements for successful heat 

treatment of Astaloy CrS. To achieve this, LPC and GC were performed on both Astaloy CrS and Fe-Cu-C samples 

with densities ranging from 7.1 to 7.4 g|cm3, sintered at 1120°C. The results indicated that the control over case 

depth is better for LPC than GC for various densities. Additionally, a correlation between density levels and 

carburising processes were seen in terms of mechanical performance. 

Innovative Aspect(s) : 

Astaloy CrS introduced recently as a sustainabel alternative to Fe-Cu-C, and being a lean Cr-alloy the sensitive to 

oxidation when it comes the conventional gas carburising is evaluated in this work.  Also LPC combined with high 

pressure gas quenching is gaining interests for heat treating Cr-alloyed PM steels, where minimising the distortion 

is crucial. This study aims to highlight the properties (plane bending fatigue, transverse rupture strength, distortions) 

obtained after GC and LPC process, which enables for better understanding and optimising the process for 

increasing the performacnes. Through the increased use of Astaloy CrS will promote sustainability by improving 

material circularity by replacing Fe-Cu-C 
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Author : Dr Mellin Pelle (Swerim AB, Sweden) 

Co-author(s) : Mr Gårdstam Johannes (Quintus Technologies AB, Sweden); Mr Heino Stefan (Swerim AB, 

Sweden); Mr Shipley James (Quintus Technologies AB, Sweden); Mr Magnusson Anders (Quintus Technologies AB, 

Sweden); Mr Forsberg Fredrik (Luleå University of Technology, Sweden); Mr Forssgren Björn (Ringhals AB, 

Sweden); Mr Waernqvist Per (Ringhals AB, Sweden) 

Title : Argon-filled Pore Expansion, As Function Of Material, Initial Pressure And 

Temperature 

Keyword(s) : 

Abstract : 

We present here a study on capsules that contain a huge 2 cm3 cylindrical cavity. This cavity is sealed under 100% 

argon, at 50 °C and 1 atm. Using HIP (equipped with URQ) this cavity shrinks (non-uniformly) to an approximate 

size of 0.1 cm3. Upon stepwise reheating the pressure increases and for IN718 the cavity expands above 900 °C 

(here pressure is 832 bar) while for 316L the cavity expands above 1000 °C (here pressure is 875 bar). Conditions 

at which expansion occurs are not far away from HIP conditions, which makes sense. Also, the pressure inside a 

pore seems like a good indicator for if expansion will occur. We compare these results to studies of pore expansion 

in L-PBF material (both 316L and IN718) and conclude that the pore pressure in L-PBF material must be lower than 

atmospheric, since expansion occurs at higher temperatures than for our capsules. 

Innovative Aspect(s) : 

HIP, Porosity, Argon 
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Title : Chromium And Tungsten Sulfides As Machining Aids In PM Steel 

Keyword(s) : 

PM Steel, Turning, Machining Aid, Thermal Stability 

Abstract : 

Additives in PM steels are widely used to improve machinability in turning or other machining operations. 

Commonly, MnS is added because it is cheap and does not have an excessive influence on the mechanical properties. 

However, MnS tends to form agglomerates and increases the susceptibility to corrosion in the sintered products. 

Potential alternatives could be sulfides of chromium or tungsten. In the present study these were compared with 

MnS at two different sintering temperatures. In addition to the thermal stability, both the machinability in turning 

and the mechanical properties were investigated. It turned out that at least Cr2S3 is a potential candidate as a 

cutting aid when sintering is done at belt furnace temperatures. Although WS2 seems to be effective, detailed 

analysis shows that this effectiveness is in fact due to the presence of MnS, which is formed  during sintering by an 

internal getter effect. 

Innovative Aspect(s) : 

Potential candidates for machining aids are investigated. A comparison between MnS Cr2S3 and WS containing 

material is performed. Thermal stability by thermoanalytical techniques and analysis of micrographs show interesting 

aspects. Cr2S3  is stable at sintering temperatures of 1120°C, but transforms to MnS at 1250°C. WS 2  is less stable 

and already transforms into MnS at 1120°C. The source of MnS ist the dissolved Mn in the basic iron powder. 
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Title : Numerical Assessment Of The Effect Of Cold Rolling And Case Hardening On The 

Fatigue Strength Of Sintered Steel 

Keyword(s) : 

Fatigue, Case Hardening, Surface Densification, Digital Twin, Astaloy 85Mo 

Abstract : 

Powder compaction and sintering offer the efficient and sustainable production of net shape components. As the 

inherent porosity affects the strength and durability, secondary operations such as cold rolling or shot peening may 

be applied to reduce the porosity. A combination with subsequent case hardening contributes to a further increase 

of fatigue strength. Numerous experimental studies examined the effect of various parameters of such processes 

on the fatigue behaviour. However, a numerical approach that accounts for the interaction between individual 

processes has rarely been reported.In this work, a computational approach is developed, which integrates the 

numerical modelling of surface densification, case hardening and loading condition to obtain information on the 

increase of fatigue strength of Astaloy 85Mo. The validity of the model is shown by comparison to available 

experimental findings on fatigue test bars. The potential of the approach is shown by its application to a sintered 

gear. 

Innovative Aspect(s) : 

The proposed approach fully accounts for the effect of the production parameters on density distribution and 

induced residual stresses. Consequently, the numerical deduction of the final strength includes the microstructural 

inhomogeneities within a component. In this way, it offers the virtual assessment of the interaction between 

individual process steps of the powder metallurgical process chain on the performance of a component. The 

approach can be used to optimize secondary processes and increase the reliability of powder metallurgical 

components. 
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Title : Effect Of Post-sintering Heat Treatments On Mechanical And Tribological Properties 

Of A Ni-Cu-Mo Alloyed PM Steel 

Keyword(s) : 

Abstract : 

Powder metallurgy (PM) steels with diffusion-bonded Ni exhibit microstructural inhomogeneities due to inadequate 

Ni diffusion during sintering. Sinter-hardening leads to a martensitic microstructure withNi-rich austenite areas. 

This study aims to assess the microstructural and mechanical effects of three post-sintering treatments. Specifically, 

to homogenize Ni distribution, two vacuum quenching at 900 °C for 1 h and 3 h followed by inert gas cooling were 

done. Besides a sub-zero quenching treatment, transforming residual austenite into martensite, was considered. 

Microstructural evolution wasanalyzed by hardness, X-ray diffraction, and optical and scanning electron microscopy 

techniques. Mechanical properties were evaluated through Charpy impact, tensile, and pin-on-disk tribological tests. 

The austenite content reduction and the resulting formation of Ni-rich martensite were found to mainly affect the 

material properties. 

Innovative Aspect(s) : 

The novelty of the present paper consists of the investigation of post-sintering heat treatments in relation to 

microstructural and mechanical properties enhancement. Specifically, the role of Ni content and its distribution are 

of primary interest. 
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Title : A Comparative Life Cycle Assessment Study Of Laser Powder Bed Fusion, Binder 

Jetting And CNC Machining Processes 

Keyword(s) : 

Additive Manufacturing, Metal Powders, Sustainability, LCA 

Abstract : 

Additive Manufacturing (AM) is considered as one of the most suitable methods for building parts with complex 

designs. AM is also described as an efficient and sustainable manufacturing method, when compared with traditional 

manufacturing methods. To understand the credibility of AM as a sustainable and efficient process, a study of the 

life cycle assessment (LCA) was conducted for the PBF-LB, BJT-M and CNC machining for manufacturing of an 

impeller. The LCA calculations were made for different scenarios with respect to the powder feedstock. It was 

observed from the LCA calculations that BJT-M had the largest CO2 footprint compared to PBF-LB, followed by 

CNC machining across all scenarios. It was concluded that the BJT footprint is higher than the remaining process 

owing to the extra steps involved in making the part ready for use, mainly sintering. The study was performed to 

highlight the limitations of sustainability analyses for the BJT-M process. 

Innovative Aspect(s) : 

AM is always considered a sustainable process with limited evidence related to it. In this study, we aim to gather 

evidence on the sustainability aspects of PBF-LB|M, BJT-M and CNC machining processes by conducting an LCA 

study from cradle to gate. The idea behind this study is to establish a methodology for developing a sustainability 

analysis for the AM. With an established methodology, it would be easier to improve the AM processes when the 

key areas contributing to the carbon footprint can be identified. 
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Title : Life Cycle Assessment Of Recycled WC-Co Through Zinc Processing 

Keyword(s) : 

Abstract : 

Literature has not addressed, currently, the environmental benefits of recycling cemented carbides, such as tungsten 

carbide cobalt (WC-Co), compared to primary production. However, recycling of materials, such as tungsten and 

cobalt is crucial given that the European Commission has identified these materials as Critical Raw Materials (CRMs).  

Primary production of WC-Co requires high amounts of chemicals and energy. In this study, in recycling the WC-

Co is processed through zinc processing, which provides a shorter processing route and induces smaller 

environmental impacts than conventional methods while increasing the material circularity. This study provides a 

life cycle assessment (LCA) for the recycling of WC-Co powder from WC-Co products. The benefit of recycling 

WC-Co products compared to primary manufacturing is illustrated by comparing the LCA results to existing 

literature studies based on primary raw materials. The life cycle inventory is collected within collaboration of Finnish 

and European companies from hard metal industry. 

Innovative Aspect(s) : 
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Title : Comparison Of Experimental And Numerical Heap Profiles During Powder 

Spreading In Additive Manufacturing Processes 

Keyword(s) : 

Additive Manufacturing, Heap Profiles, In situ Measurements, Discrete Element Method, Parameter Identification  

Abstract : 

The powder spreadability drives the robustness of powder-bed-based additive manufacturing processes as well as 

the material performance of the printed parts. The full comprehension of the mechanisms involved during powder 

spreading is therefore paramount.Past works using the discrete element method (DEM) showed that the impact of 

friction between the powder and previous layers (building platform or solidified layers) is significant [1]. Thus, we 

developed an experimental test bench that captures in real time during spreading the heap profile depending on the 

substrate roughness. Additionally, we also demonstrate that the effective surface energy of the powder can be 

related to experimental measurements of the angle of the front of the heap.In short, this work shows the relevance 

of our test bench to understand powder deposition experimentally, but also its potential interest to calibrate DEM 

simulations for further spreadability optimizations.[1] Stephan et al., 2023, Powder Technology, 429, 118937. 

Innovative Aspect(s) : 

This work stands out by the novelty of the test bench, which enables in situ measurements of the heap profile 

during powder deposition on a substrate by using a laser profilometer. Thanks to a 25 µm resolution and a large 

acquisition frequency over 100 Hz, the determination of the angle of the front of the heap is accurate and time 

dependent. This work covers a large combination of surface roughnesses and starting powders, which provides a 

representative diversity of heap profiles to understand the behavior of powder during spreading. In contrast to 

current studies, the general method that we are proposing allows to experimentally calibrate numerical parameters 

one by one without interferences of others. This should lead to a better reliability of simulation s of powder 

spreading by DEM. 
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Title : Effect Of Ultrasonic Nanocrystal Surface Treatment On The Reduction Of Surface 

Porosities In Powder Metallurgy Products 

Keyword(s) : 

UNSM, Powder Metallurgy, Densification, Porosity Reduction 

Abstract : 

In this study, the effect of ultrasonic nanocrystal surface modification (UNSM) treatment on the improvement of 

the surface properties, density, and reduction of surface porosities of the pure iron powder metallurgy (PM) 

produced samples was investigated for green and sintered conditions. The UNSM treatment resulted in a surface 

severe plastic deformation (S2PD) and generated a gradient hardness from the surface to the depth. The EBSD 

analysis also revealed a gradient grain size as well as dislocation density along the depth. It turned out that the 

UNSM treatment can effectively remove the surface porosities in both green and sintered specimens. A higher 

affected depth was observed by increasing the static load, vibration amplitude, and the number of scan cy cles. The 

results from this work confirmed that the UNSM technique can be employed as an effective industrial method to 

enhance the properties and performance of PM products. 

Innovative Aspect(s) : 

In our previous works, we used the UNSM method as a post-process after sintering copper powder in order to 

reduce surface porosities. In this study, we employed the UNSM method for the same purpose of surface 

densification in iron powder metallurgy products. 
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Title : Hardness Conversion For Sintered Steels: Comparative Analysis And Function 

Evaluation Across Various Hardness Scales 

Keyword(s) : 

Hardness Conversion, Macro Hardness, Sintered Steels, Conventional Methods, Rockwell, Vickers, Brinell Scales, 

Tailored Conversion Functions, Industry Impact, Improved Data Interpretation Tools, Material Assessments  

Abstract : 

This article explores the task of macro hardness conversion in sintered steels, emphasizing the limitations of 

conventional conversion methods designed for normal steels with full density. Through systematic experimentation 

with diverse sintered steel samples, encompassing Rockwell, Vickers, and Brinell scales, this study identifies 

discrepancies in hardness measurements. To address these challenges, we propose tailored conversion functions 

specifically crafted for sintered steels, providing accurate and reliable translations between different hardness scales. 

This research not only highlights the unique hardness dynamics in sintered steels but also contributes essential tools 

for improved data interpretation and comparability within the industry. 

Innovative Aspect(s) : 

This paper innovates by focusing on macro hardness conversion in sintered steels, departing from conventional 

studies on normal steels. Through systematic experimentation with various sintered steel samples and exploration 

of Rockwell, Vickers, and Brinell scales, the study identifies discrepancies in hardness measurements. The proposal 

of tailored conversion functions specific to sintered steels represents a key advancement, addressing the unique 

hardness dynamics of these materials. This innovation provides essential tools for improved data interpretation and 

comparability within the industry, impacting engineers, metallurgists, and researchers working with sintered steels. 

The practicality of the research lies in its potential to enhance reliability in material assessments through more 

accurate conversions and meaningful comparisons of hardness data. 
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Title : Measurements Of Specific Saturation Magnetization Of Samples With Low Magnetic 

Moment 

Keyword(s) : 

Specific Saturation Magnetization,  Co-WC Alloys, Measurement Equipment 

Abstract : 

The measurement of specific saturation magnetization according to IEC 60404-14:2002 has become a standard tool 

in the powder metallurgy industry. It allows a non-destructive composition inspection of the amount of 

ferromagnetic material. In recent years, measurements of test specimen with lower magnetic moment (e.g. by 

reducing the amount of Co-binder or by miniaturization) have received more and more attention.In this study, the 

accuracy and reproducibility of measurements of samples with a low magnetic moment according to IEC 60404-

14:2002 have been investigated. Influences of temperature, sample size, sample movement and slider have been 

addressed. Different methods of slide compensation will be presented and the influences on measurement accuracy 

will be discussed. 

Innovative Aspect(s) : 

The paper shows a detailed evaluation of measurement accuracy, especially focusing on samples with low magnetic 

moment. Moreover, it discusses different compensation methods for signals from the slider itself. In this way it 

contributes to a better understanding of the influences of measurement accuracy and with this a way to establish a 

frame for increased accuracy. 
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Title : A Newly Created Reference Material Containing Argon, And Why It Matters 

Keyword(s) : 

Argon, PM HIP 

Abstract : 

Detection of argon in PM HIP material is a critical quality control which is now standardized, see EN ISO 5842:2023. 

This standard requires the use of an argon-containing reference material. Such a material is now available in large 

quantities thanks to a number of collaborating organizations, and the method to make it is presented here. This 

constitues the last piece of the puzzle which enables robust and standardized quality control of PM HIP material. 

The argon content of the now available reference material is 100 ng|g. Detecting such a low content is required 

because of the way Argon distributes in PM HIP material, which is also presented. 

Innovative Aspect(s) : 

New research is presented. 
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Title : Effect Of Ultrasonic Tempering In Comparison With Thermal Tempering On 

Hardened High Carbon Powder Metallurgy (PM) Produced Samples 

Keyword(s) : 

High-Power Ultrasonic Treatment, PM , Tempering 

Abstract : 

In this study, the effect of high power ultrasonic treatment (UST) in comparison with common thermal tempering 

on PM products after sintering and quenching of the (0.8%C-0.85%Cr-0.15% Mo) alloy is investigated. Results from 

microhardness, EBSD, and XRD shows a promising level of tempering in the samples just after 4 minutes of UST 

by decreasing the strain level in the specimen through the dislocation annihilation. In comparison, thermal annealing 

at 200° C for 1 hr was associated with lower hardness level and formation of M23C6 carbides but almost the same 

strain level and dislocation denity. Results of this study confirm that the ultrasonic treatment is not only rapid, easy 

method with much lower energy consumption to stress relief the component after quenching but also keeps the 

strength level higher in comparison with thermal tempering. 

Innovative Aspect(s) : 

High-power ultrasound has progressively been used in several manufacturingprocesses. It has been demonstrated 

that the acoustic energy, similar tothe thermal energy, has a softening effect on metals. However, it is very new 

techinc and not been investigated on powder metallourgy produced samples for this goal yet as far as the authors 

knowledge. 

 

Malmö, Sweden 

29 September - 02 October 2024 



 

Reviewer’s name : …………………………………………………………………………………………………………. 

Keynote ☐  Oral ☐  1☐  2☐  3☐  4☐ 

Poster ☐  Poster & Reserve Oral ☐ 

Withdraw ☐  Reason : …………………………………………………………………………………………. 

Notes to author : …………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………... 

 

 

 

Paper Number : T20 
ID : 6280947 

Requested presentation type : Oral Presentation 

 

Topic : Tools for Improving PM Subtopic : Other Tools for Improving PM 

Author : Ing Puigardeu Aramendia Sergio (Hewlett Packard, Spain) 

Co-author(s) : Ing Canto Estany Diana (Hewlett Packard, Spain); Ing Saula Miquel (Hewlett Packard, Spain); Ing 

Sole Macia (Hewlett Packard, Spain) 

Title : Low Level Device Subsystem Telemetry Data Sharing From Every Job To Enable Job 

Comparasion And Process Control 

Keyword(s) : 

Additive Manufacturing, Metal Binder Jetting 3d Printing, Process Control, Key Performance Indicators, Process 

Monitoring 

Abstract : 

Low level subysystem information is collected during operation process (powder loading, printing, or post printing 

operation) and shared though a application programming interface (API) in order to enable final user to: Understand 

how the printer behaved during the experiment; Identify differences between printers|jobs to help identify root 

cause issues; Ensure device to device repeteability and test reproducibility. 

Innovative Aspect(s) : 

The implemented solution enables and simplify the process to improve workflows and boost productivity through 

KPI monitoring; Keep historical records of every printed job for complete tracking; Manage operations more 

efficiently and prevent unscheduled maintenance 
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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. 

Malmö, Sweden 

29 September - 02 October 2024 



Reviewer’s name : …………………………………………………………………………………………………………. 

Keynote ☐ Oral ☐  1☐ 2☐ 3☐ 4☐ 

Poster ☐ Poster & Reserve Oral ☐ 

Withdraw ☐ Reason : …………………………………………………………………………………………. 

Notes to author : …………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………... 

Paper Number : P03 
ID : 6282776 

Requested presentation type : Oral Presentation 

Topic : Powders Subtopic : Powder Characterisation & Properties 

Author : Ing Sandoval Neyder A. (Universidad Carlos III de Madrid, Spain) 

Co-author(s) : Ing S. Villanueva Alejandro (Universidad Rey Juan Carlos, Spain); Dr Ramos Joaquin R. (Universidad 

Rey Juan Carlos, Spain); Dr Torres Belen (Universidad Rey Juan Carlos, Spain); Dr R. Herrero Pilar (Universidad 

Rey Juan Carlos, Spain); Dr Cifuentes Sandra C. (Universidad Rey Juan Carlos, Spain); Dr Tsipas Sophia A. 

(Universidad Carlos III de Madrid, Spain) 

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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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. 

Malmö, Sweden 

29 September - 02 October 2024 



Reviewer’s name : …………………………………………………………………………………………………………. 

Keynote ☐ Oral ☐  1☐ 2☐ 3☐ 4☐ 

Poster ☐ Poster & Reserve Oral ☐ 

Withdraw ☐ Reason : …………………………………………………………………………………………. 

Notes to author : …………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………... 

Paper Number : P07 
ID : 6274806 

Requested presentation type : Oral Presentation 

Topic : Powders Subtopic : Powder Characterisation & Properties 

Author : Ing Azpeleta Gabilondo Maria (Ikergune A.I.E., Spain) 

Co-author(s) : Ing Montoya Diego (Ikergune A.I.E., Spain); Ing Alvarez Piera (Ikergune A.I.E., Spain); Ing Ortiz Igor 

(Ikergune A.I.E., Spain); Ing Arizmendiarrieta Asier (Ikergune A.I.E., Spain) 

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) : 
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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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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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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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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 
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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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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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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. 

Malmö, Sweden 

29 September - 02 October 2024 



Technical Programme Committee 
8th of February 2024 

POWDERS 

POWDER PRODUCTION 



 

Reviewer’s name : …………………………………………………………………………………………………………. 

Keynote ☐  Oral ☐  1☐  2☐  3☐  4☐ 

Poster ☐  Poster & Reserve Oral ☐ 

Withdraw ☐  Reason : …………………………………………………………………………………………. 

Notes to author : …………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………... 

 

 

 

Paper Number : P22 
ID : 6251254 

Requested presentation type : Oral Presentation 

 

Topic : Powders Subtopic : Powder Production 

Author : Dr Altenberend Jochen (Tekna Plasma Europe, France) 

Co-author(s) : Ing Bailly Ophélie (Tekna Plasma Systems Inc, Canada); Dr Cabrol Elodie (Centrale Lyon ENISE | 

LTDS, France); Dr Dolbec Richard (Tekna Plasma Systems Inc, Canada); Ing Si Mohand Hocine (Centrale Lyon 

ENISE | LTDS, France); Ing Van Wijk Pierre (Tekna Plasma Europe, France); Dr Vert Romain (Tekna Plasma Europe, 

France) 

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 

MIM In Comparison To Commercial Plasma Atomized Powder 

Keyword(s) : 

Recycling, Titanium, Ti-6Al-4V, Metal Injection Molding (MIM), Fused Granulate Fabrication (FGF) 

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. 

 

Malmö, Sweden 

29 September - 02 October 2024 



 

Reviewer’s name : …………………………………………………………………………………………………………. 

Keynote ☐  Oral ☐  1☐  2☐  3☐  4☐ 

Poster ☐  Poster & Reserve Oral ☐ 

Withdraw ☐  Reason : …………………………………………………………………………………………. 

Notes to author : …………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………... 

 

 

 

Paper Number : P33 
ID : 6276453 

Requested presentation type : Oral Presentation 

 

Topic : Powders Subtopic : Powder Production 

Author : Dr Ing Dubiez-Le Goff Sophie (Linde GmbH, Germany) 

Co-author(s) : Dr Ing Achelis Lydia (Particles and Process Engineering Department, Faculty of Production 

Engineering, Universität Bremen, Germany); Dr Ing Beckers Daniel (Rosswag GmbH, Germany); Dr Treuchtlinger 

Niels (Linde GmnH, Germany); Ing Rosenberg Ronald (Linde GmbH, Germany); Ing Forêt Pierre (Linde GmbH, 

Germany) 

Title : Hot Gas Atomization: A Powerful Solution To Meet AM Powder Requirements 

Keyword(s) : 

Hot Gas Atomization, 316L Powder, Gas Supply 

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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Title : Innovations In Centrifugal Atomization: A Focus On Al-Based Metallic Glasses 

Keyword(s) : 

Centrifugal Atomization, Al-based Metallic Glasses, Powder Production 

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) : 

 

Malmö, Sweden 

29 September - 02 October 2024 



 

Reviewer’s name : …………………………………………………………………………………………………………. 

Keynote ☐  Oral ☐  1☐  2☐  3☐  4☐ 

Poster ☐  Poster & Reserve Oral ☐ 

Withdraw ☐  Reason : …………………………………………………………………………………………. 

Notes to author : …………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………………………... 

 

 

 

Paper Number : P35 
ID : 6282648 

Requested presentation type : Oral Presentation 

 

Topic : Powders Subtopic : Powder Production 

Author : Dr Ing Gobber Federico Simone (Politecnico di Torino, Italy) 

Co-author(s) : Prof Dr Actis Grande Marco (Politecnico di Torino, Italy); Prof Dr Priarone Paolo Claudio 

(Politecnico di Torino, Italy) 

Title : An Approach To Evaluate Quality And Sustainability For Powders Produced By A Lab 

-- Scale Atomizer 

Keyword(s) : 

Gas Atomization, Sustainability, Powder Characterization 

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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Title : Ultrasonic Atomization Of Soft Magnetic Fe-based Alloys 
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Characterization 

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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Title : CFD Efficient Simulations To Predict Particle Size Distributions Of Gas-atomized 

Powders Of Different Materials Obtained With Different Gases 

Keyword(s) : 

Close-Coupled Gas Atomization, CFD Simulation, Metal Powder Production, Atomising Gas 

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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Title : Numerical Simulation Of The Impact Of Gas Type On Supersonic Gas Flow In A 

VIGA Atomizer For Metal Powder Production 

Keyword(s) : 

Close-Coupled Atomizer, Supersonic Gas Flow, Metal Powder, Numerical Simulation, Mach Diamond, Ar&N2 

Gases 

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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Title : Insights Into Atomization Parameters And Aluminium Alloy Powder Quality In 

Centrifugal Atomization 

Keyword(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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Keyword(s) : 
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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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Title : Mix Concept Giving Excellent Fillability And High AD For Improved Compaction 

Performance 

Keyword(s) : 

Powder Mix, Lubricant, Productivity 

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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