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Title: Sinterability Of Two-component Micro-powder Injection Molded Bi-material Micro-
components Of Yttria-stabilized Zirconia And Stainless Steel 17-4PH 

Keyword(s):  
Two-component micro-powder injection molding, Metal-ceramic, Micro-part, Rheology, Debinding, 
Sintering 

Abstract: 
The opportunity of conjugating 3 mol.% yttria-stabilized zirconia (3YSZ) and stainless steel 17-4PH 
(SS17-4PH) materials within one micro-part is possible through two-component micro-powder injection 
molding (2C-µPIM) process. In this research, feedstocks were obtained when 3YSZ and SS 17-4PH 
powders were mixed individually with palm stearin (PS) and low-density polyethylene (LDPE) binders. 
The sintering of the injection molded and debound bi-material micro-components was performed 
between 1250 °C to 1350 °C. After the sintering, a density of 99% of the theoretical density was 
achieved. The microstructures from FESEM revealed the bonding between 3YSZ and SS 17-4PH 
materials. The EDS mapping displayed the existence of Fe, Ni, Cr, Zr, O, and Y at the interface that caused 
bonding due to the generation of the oxide layer during co-sintering. Moreover, the hardness across the 
bonding region of the components and the tensile strength increased with the increase of the sintering 
temperature. 

Innovative Aspect(s): 
The innovation is joining different type materials (metal and ceramic) through powder injection molding. 
Different sintering temperature and shrinkage rate are main challende for two-component micro-powder 
injection molding. Application for PIM  with bi-functional Material. 
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Title: Homogeneity Of Hard Metal Injection Molding Feedstock 

Keyword(s):  
MIM, Feedstock characterization, Cemented carbide 

Abstract: 
Injection molding of hard metal inserts for cutting applications is used when making inserts with complex 
geometries. Inhomogeneity in the feedstock can cause defects in the inserts after sintering.   An 
evaluation of the homogeneity of injection molding feedstock was made. The feedstock comprised a 
cemented carbide powder and a binder of polyolefins, paraffin wax, and petroleum jelly. Feedstocks with 
powder loading varying between 50 and 70 vol% were produced in steps of one vol%. Homogeneity was 
evaluated using visual inspection, mixing torque, feedstock density, and rotational and capillary 
rheometry.   Switch over points, where the behavior of measured parameters of the feedstock rapidly 
changed between two feedstock samples with one vol% powder loading difference, were seen in most 
evaluation methods. Most switch over points were in the region around 58 to 60 vol% powder loading. 

Innovative Aspect(s): 
This work is a comprehensive look at several measurement methods to detect inhomogeneity in 
cemented carbide feedstock. The area of cemented carbide injection molding is not as thoroughly studied 
as other fields within metal injection molding. Also, the intent of this study, and further work, is to 
correlate the findings of this study to injection molding behavior in a production environment, ensuring 
that the findings get put into practical use. 
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Title: MIM And Binder Based 3D-printing Approach Of High Strength Magnesium Alloy AZ41 

Keyword(s):  
MIM, Magnesium, 3D-printing, Hollow structure, Ultra-light-weight, SF6 free 

Abstract: 
Magnesium AZ-alloys are the working horse for many ultra-light-weight aerospace, automotive and 
consumer applications. Novel research introduces Mg-alloys also into binder based processing 
techniques as there are Metal Injection Moulding for economic near net shape mass production as well 
as 3D-printing for individual prototyping of complex shaped parts, even with hollow structures inside of 
a dense shell. This study handles two questions: How can the chosen AZ41-alloy exhibit maximum 
material properties and reproducibility using MIM? In addition, how can the 3D-printing processing be 
refined to come as close as possible to MIM? In order to answer these questions, several approaches in 
view of the used powder quality, particle distribution size as well as furnace and printing parameters 
were performed. Maximum ultimate-tensile-strength (UTS) of  248 ±4.8 MPa at  12.7 ±1.5% elongation 
at fracture can be achieved using MIM. The 3D-printing approach could come close up to 75% of the 
MIM result. 

Innovative Aspect(s): 
Worldwide first investigation about approching mechanical properties of magnesium based 3D-printing 
parts towards the properties of MIM-processed parts. The Investigation enables the manufacturing of 
complex shaped parts, obtaining inner hollow structure (eg. honeycomb) and outside dense. Hence 
Magnesium parts lighter than water are able to produce. In comparison to casting or forging techniques, 
the whole PM-processing and sintering of magnesium alloy did not require any SF6 green hause gas 
(global warming potential 22,800), keeping earth´s atmosphere. 
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Title: Machine Learning Based Quality Assessment Of The Feedstock Kneading Process By 
Computer Vision 

Keyword(s):  
Machine learing, Artificial intelligence, Feedstock, Kneading, MIM 

Abstract: 
Kneading processes are relevant in many areas of daily life and technical fields. They are the basis of the 
MIM process in which powders and binders are combined to the injectable feedstock. The quality of the 
mixing directly influences the following process steps. Inhomogeneities in the form of binder or powder 
nests can cause local defects like pores or induce locally differing shrinkage and thus warpage, or make 
the feedstock behaviour instable. The assessment of the feedstock state during mixing is a promising 
way to assess quality and optimize process control. We approached this goal with a first step that made 
use of images, generated by video recordings of the feedstock mass during mixing. An artificial 
intelligence network was constructed, trained and tested to simulate the quality assessment of a human 
expert in two categories, "ok" and "not ok". All images and mixing states were assessed with 100 % 
accuracy. 

Innovative Aspect(s): 
It is the first approach we know to make use of computer vision for the assessment of feedstock mixing 
quality.. Feedstock quality is usually determined after mixing. Linking the quality with the acutal situation 
in a kneader is so far difficult to achieve via sensors. This approach offers a redundance to a human 
expert and allows repeatable (objective) assessment of the mixing state, usually given by the technical 
expert.. It sets the basis for further and more objective correlation of the mixing state with measurable 
quality analytical methods.. The approach thus also provides the basis for future in-line quality assurance, 
which will save additional analytical effort, and thus resources. 
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Title: Powder Injection Molding Of Free-formed Micro Test Specimen 

Keyword(s):  
Powder injection molding, Free-formed components, MicroPIM simulation, 42CrMo4 steel, 
Tribology|wear 

Abstract: 
Although micro powder injection molding (MicroPIM) represents a strong technological task it becomes 
even more difficult in case of free-formed geometries. A challenging example are micro-sized test 
particles. Such artificial specimen are required for modelling and simulation of wear effects caused by 
manufacturing debris|swarfs occuring in e.g. journal bearings or combustion engines. The free-formed 
geometry was derived from a real manufacturing swarf previously characterized by 3D- CT. Micro mold 
insert design incorporating the free-formed surfaces was comprehensively simulated and realized by 
milling and discharge machining. For the first time in MicroPIM, specially tailored feedstocks containing 
42CrMo4 steel powders were applied. The related molding, debinding, and sintering procedures had to 
be developed, too. The damage potential of the test particles was evaluated based on trials using journal 
bearing and shift valve test rigs. Thereby, it could be ascertained that the artificial swarfs will allow for 
development of standardized wear test procedures. 

Innovative Aspect(s): 
MicroPIM of free-formed geometries Geometry derived from 3D-CT of real debris particles Simulation 
of free-form geometry in micro-size dimensions First utilization of 42CrMo4 steel in MicroPIM MicroPIM 
parts evaluated in specially developed test rigs. 
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Title: A Microstructural Investigation Of A NbC Modified AISI 440c Stainless Steel Produced 
By MIM 

Keyword(s):  
AISI440c, Sigma phase, Spinodal ferrite 

Abstract: 
The microstructure of the NbC modified AISI 440c stainless steel produced by Metal Injection Molding 
(MIM) may contain secondary constituents that depress ductility: sigma phase and spinodal ferrite. The 
formation and the possibility to eliminate these phases by post-sintering heat treatment was investigated 
in this work. ThermoCalc elaboration was used to determine the phase diagram of the steel, highlighting 
the great sensitivity of the material to small variations of alloying elements content. The temperature for 
different heat treatments was determined and solution heat treatments were carried out, showing the 
possibility to clean the microstructure from the embrittling phases. 

Innovative Aspect(s):  
In depth investigation of embrittling phases in the steel. 
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Title: Molten salt sintering of TI-NB alloys: Fabrication, Microstructure and Mechanical 
characterization 

Keyword(s):  
Molten salt shield, Sintering, Ti-Nb alloys, Injection molding 

Abstract: 
Ti based alloys have been largely used for biomedical implants due their high low specific strengh and 
corrosion resistance. Among Ti alloys, Ti-Nb alloys are highlighted because of their low elastic module 
and biocompatibility. Powder metallurgical processes such as metal injection molding (MIM) are 
attractive to process less ductile metals as titanium alloys. However, sintering os Ti alloys is a critical step 
due to titanium's high oxygen affinity. In general, high vacuum furnace is required to avoid titanium 
oxidation. In this, study, a molten salt shield was introduced to protect samples from oxidation during 
sintering. The Ti-Nb parts were produced by warm compaction of MIM feedstock containing of 10, 16 
and 22 wt.% of Nb and than sintered at 1150 and 1200ºC in molten KCl atmosphere. Microstruture, 
phase composition, dimensional accurancy and compressive strength were evaluated. Furthermore, 
dynamic elastic modulus were determined by vibroacoustic test. 

Innovative Aspect(s): 
To our best knowledge, this is the first-time molten salt sintering was applied to titanium. In this study 
we demonstrated that molten salt shield can be applied for thermal debinding and sintering of Ti-Nb 
alloys. Results of microstructural characterization and mechanical properties will be presented. 
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Title: Catalytic Debinding Mechanism And Debinding Temperature  Effect On Metal Injection 
Moulded Parts With Thermoplastic Binder 

Keyword(s):  
Metal Injection Molding,Thermoplastic binder, Debinding Mechanism,Catalytic Debinding 

Abstract: 
In this research a catalytic debinding chamber is used to catalytic debinding of samples the samples have 
been prepared using SS316L with 20µm  average size mixed with a thermoplastic binder.Catalytic 
debinding has been done in three different temperatures (80 ,100 ,120 ) for 15,30,45,60,75,90 
minutes.After each step the samples has taken out of the debinding chamber and its weight has measured 
to determine the amount of debinding and also they were investigated in case of having any possible 
defect. After investigation of samples and diagrams which has been drowm based on time and debinding 
percent, it observed that four differen step could exist in catalytic debinding, including;incubation 
period,breakage of polymer chain,breakage blast of polymer chain by activation of zipper machanism and 
finally equiblirium stage.Also samples debounded in three different temperatures (80 ,100 , 120 ) has 
investigatedand to determine the effect of temperature on catalytic debinding of a thermoplastic binder. 

Innovative Aspect(s): 
In this research the catalytic debinding mechanism is investigated and described for the firs time and also 
effect of temperature on catalytic debinding of a thermoplastic binder has been investigated and it is 
shown that any binder system may have an optimum spesific temperature for debinding. 
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Title: Innovative Full-scale 3D CFD Simulation Of A HIP Furnace In Operation 

Keyword(s):  
Hot isostatic pressing, 3D Computational fluid dynamics simulation, Gas flow, Heat transfer, Thermal 
radiation 

Abstract: 
Hot isostatic pressing (HIP) is a crucial process to densify and enhance the material properties of 
components in aerospace, energy, medical and additive manufacturing. In recent years people start to 
focus on understanding the shrinkage and deviation of parts in the HIP process by calculating the 
temperature-pressure behaviour on parts during heating, steady-state and cooling. This work shows 3D 
computational fluid dynamics (CFD) as a powerful tool to obtain an increased and complete 
understanding of the details in thermal gradients and gas flow inside the HIP furnace. An innovative full-
scale 3D CFD simulation method of a HIP furnace in operation will be presented. This innovative method 
allows detailed full-scale 3D calculation of all the important processes including the gas flowing, pressing, 
thermal radiation, convective heat transfer and conjugated heat conduction in solids so that the HIP 
process can be best simulated as in reality without the error-bringing simplifications. 

Innovative Aspect(s): 
An innovative full-scale 3D CFD simulation method of a HIP furnace in operation will be presented. To 
obtain an increased and complete understanding of the details in thermal gradients and gas flow inside 
the HIP furnace. This innovative method allows detailed full-scale 3D calculation of all the important 
processes including the gas flowing, pressing, thermal radiation, convective heat transfer and conjugated 
heat conduction in solids so that the HIP process can be best simulated as in reality without the error-
bringing simplifications. 
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Title: FAST Nuclear Manufacturing Using HIP & Beam Welding 

Keyword(s):  
HIP, Electron Beam Welding, Nuclear Products, Lead time reduction, Cost reduction, Powder 
specification 

Abstract: 
Rolls-Royce is pioneering the use of HIP and Electron Beam Welding in Nuclear product manufacturing. 
The adoption of HIP in Nuclear materials is a game-changer for the industry in terms of significantly 
reducing cost and manufacturing lead time. Project FAST is now entering it's 3rd year and the Rolls-
Royce team has delivered novel methodologies for powder specification, HIP canister fabrication, HIP 
process parameters and post-process quality heat treatment. Project FAST is now being employed to 
manufacture numerous Nuclear products of varying size. The innovative process understanding 
developed is world-leading for Nuclear industry. This presentation shall provide detail on the 
development of novel approaches for HIP and also Electron Beam Welding. 

Innovative Aspect(s): 
Rolls-Royce has developed world-first demonstrators and has utilised HIP for products not previously 
created via a powder process. This innovation provides the opportunity to manufacture Nuclear products 
at a much faster rate, supporting the demands of 2050 carbon-zero global initiatives where Nuclear is a 
fundamental industry to achieve carbon reduction targets. 
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Title: A Comparative Study On Different Joining Techniques For PM-HIP Filling Tubes 

Keyword(s):  
HIP, Hot Isostatic Pressing, Bonding, Brazing, Welding, Filling tube 

Abstract: 
The main purpose of filling tubes in powder metallurgically-based (PM) Hot Isostatic Pressing (HIP) lies 
in the filling and outgassing of the container. Conventional HIP containers are made of sheet-metal which 
exhibits good weldability and therefore, it is easy to join the filling tube. With the emerging technologies 
of Additive Manufacturing (AM) it is now possible to design more complex containers for HIP. 
Additionally, wear-resistant materials can be utilized. Yet, these materials are known to be difficult to 
weld. This study compares three different approaches to bond an AISI 304 filling tube to a HIP container 
made by Electron Beam Melting (EBM) from high carbon tool steel AISI A11. Containers were bonded 
by TIG welding as well as brazing with conventional and a customized filler material based on 
thermodynamic calculations. Subsequent consolidation by HIP, microstructural analysis and argon-
measurements revealed the feasibility and limits of all three approaches for gas-tight bonds. 

Innovative Aspect(s): 
The feasibility of a combined AM and HIP process route for the manufacturing of complex shaped 
components has already been proven for AISI 316L in a previous project. However, the bonding of the 
filling tube is still a big hurdle to overcome in order to manufacture wear-resistant composite components 
by this combined process route. Innovative joining processes for the filling tube are going to widen the 
range of applicable materials. 
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Title: Influence Of HIP Temperature On The Microstructure, Tensile Strength And Impact 
Toughness Of Dense Nitrogen Atomised 304L Powder 

Keyword(s):  
Powder metallurgy, HIP, Stainless steel powder, Nuclear industry, Consolidation temperature 

Abstract: 
Powder metallurgy and HIP (P|M HIP) provides dense materials with fine-grained microstructures and 
isotropic mechanical properties, which compete well with the mechanical properties of forged materials. 
In the nuclear industry, it is thus a credible solution to maintain the performance and the competitiveness 
of the nuclear power plants. However, the manufacturing of nuclear components is submitted to close 
control and traceability in order to achieve a high standard of metallurgical quality. This includes HIP 
parameters (temperature, pressure and time) to densify the powder. In this study, the influence of HIP 
temperature between 1373K and 1473K on the densification of a 304L nitrogen-atomised powder was 
addressed. According to the microstructures and the mechanical properties of the P|M samples (tensile 
tests and KV impact toughness), we propose a HIP temperature of 1433K to densify this powder. This 
temperature is in agreement with the recommendations formulated in the industry to densify 304L 
powder. 

Innovative Aspect(s): 
Numerous publications have addressed the consolidation of 304L or 316L gas atomised powder at 
1150°C or 1160°C|102MPa|3h but no publication have been found to justify the used of these 
temperatures to densify these materials. According to the microstructures, the mechanical results and 
the fracture surface observations obtained at different temperatures from 1373K to 1473K (for a same 
pressure and a same hold time of 102MPa and 3h) we propose a HIP temperature of 1433K that is in 
accordance with the recommendations formulate in industry to densify the stainless steel powder. 
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Title: Effect Of Gas Atomised Powder Characteristics On The HIPped Astroloy Properties 

Keyword(s):  
HIP, Astroloy, Gas atomised powder, Ni superalloys, Powder characterisation, Ductility 

Abstract: 
Gas atomised powder is widely used for HIP applications thanks to its beneficial properties in terms of 
flowability, compactability and few interstitials. Generally, a wide range of powder particle size is used in 
HIP to increase the powder efficiency, flow and compaction. While thin particles have to deal with 
oxygen pick up, wider powders suffer from entrapped gas porosity. These issues have been analysed and 
related with the properties of HIPped high temperature Ni superalloy. Characterisation have been carried 
out by mean of chemical analyses, microstructural analyses and mechanical tests. Results show that thin 
powders are prone to form PPBS and large powders have higher content of argon and both led to a 
ductility reduction. As a conclusion, gas atomised powder combining wide particle size range showed the 
best property compromise for Astroloy, making it suitable for the production of elevated temperature 
components for high-efficiency new jet engines. 

Innovative Aspect(s): 
The current study unravelled the interplay between gas atomised Astroloy powder properties and final 
HIPped component properties. Direct relationship between powder PSD, Argon content and interstitial 
content with the mechanical properties of final aeronautic component has not been published before. 
Such understanding is crucial to make the Powder-HIP manufacturing suitable for the production of high-
efficiency new jet engine components. 
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Title: Mechanical And Anelastic Properties Of Ti-6Al-4V Additively Manufactured By Electron 
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Keyword(s):  
Hot isostatic press, Additive manufacturing, Mechanical properties, Anelastic properties 

Abstract: 
Additively Manufactured Ti-6Al-4V (Ti64) is a common material in the aerospace industry due to it’s high 
strength-to-weight ratio. The aerospace industry mandates the use of Hot Isostatic Pressing (HIP) as a 
post process to assure conformity and repeatability in AM produced parts. Numerous studies describe 
Ti64’s mechanical properties after the standard HIP (920°C @ 100MPa). Fewer studies look into the 
parameters of the HIP process, and fewer still study the anelastic properties of AM Ti64 after HIP. In this 
study a lower temperature HIP (780°C) was performed and the specimens were tested for mechanical, 
fatigue, and anelastic properties. The results show that lowering the HIP temperature retains finer 
microstructure and the proof stress of the as-built samples, but with higher elongation and better fatigue 
life. Low cycle tension-compression tests revealed anelastic phenomena possibly related to bowing-out 
of dislocations with a possible contribution of formation and motion of twin walls. 

Innovative Aspect(s):  
Performing HIP under different parameters and comparing mechanical properties, fatigue, and anelastic 
properties of AM (Electron Beam Powder Bed) specimens as a function of HIP parameters. 
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Title: High-nitrogen PM Tool Steel: A Comparison Of Microstructure And Mechanical 
Properties Of As-HIPed And HIPed Followed By Hot Working 

Keyword(s):  
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Abstract: 
High-nitrogen-chromium alloyed PM tool steels offer many attractive features including high strength 
and excellent corrosion resistance. The PM route offers various advantages such as advanced alloy 
composition, high homogeneity, and well-defined size distribution of hard phase particles. This study 
presents microstructure evolution and mechanical properties of a PM Cr-Mo-V-N alloy. The conventional 
manufacturing route for this alloy is PM-HIPed followed by hot working. To investigate the possibility of 
near-net shape manufacturing of this steel, a comprehensive comparison of the performance was made 
between as-HIPed and HIPed followed by hot working. Both steel types were heat treated in order to 
obtain a martensitic matrix with limited retained austenite. In the present investigation, microstructure 
and phase analyses were performed by X-ray diffraction and scanning electron microscopy. Mechanical 
tests were carried out by hardness  measurements and fatigue tests in the very high cycle fatigue regime 
using ultrasonic fatigue testing. 

Innovative Aspect(s): 
The studied high nitrogen alloyed tool steel is perfect for applications and environments where excellent 
corrosion resistance with high wear resistance and compressive strength are necessary. Manufacturing 
of near-net shape PM-HIPed products of this high nitrogen tool steel can open up for new applications 
where the unique properties are a prerequisite. Understanding the fatigue properties of this alloy in very 
high cycle regime leads to improving the reliability and efficiency of produced components. 
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Title: Anomalous Particles (granules) In PREP-powders. A Multiscale Study Of The Structure 
Evolution Of The PM HIP Stainless Steels Under Hot Deformation And Heat Treatment 

Keyword(s):  
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Autoradiography, Carbon, Boron, Microstructure, Mechanical properties 

Abstract: 
The occurence of anomalous particles (granules) with significantly different content of interstitial 
microalloying elements carbon and boron is an important features of the homogeneity of the composition 
of rapidly quenched powders of stainless steels and Ni-based superalloys produced by the PREP method. 
A multi-scale experimental investigation of the evolution of the structure of the PM HIP stainless steels 
under hot deformation and heat treatment was performed. Direct nuclear methods of activation 
autoradiography on carbon, track autoradiography on boron, metallography, SEM, EDX, and OIM were 
used to reveal the evolution of the microstructure of the PM HIP stainless steels. A significant effect of 
hot deformation and heat treatment on the behavior of carbon and boron in PM HIP stainless steels has 
been revealed in comparison with their traditional counterparts. Essential lnfluence of the evolution of 
carbon and boron on the mechanical properties of PM HIP stainless steels was found 

Innovative Aspect(s): 
The PREP-technique, is currently consider in Russian Federation as the main method for producing 
spherical particles of the rapidly quenched powders of high temperature stainless steels and Ni-based 
superalloys for PM HIP and AT technologies The occurence of anomalous particles (granules) with 
significantly different concentrations of carbon and boron is an important characteristic of the rapidly 
quenched PREP powders. This is important factor in determining the quality and properties of PM HIP 
products, as carbon and boron are the most important microalloying elements in high temperature 
stainless steels. Detailed features of carbon and boron behavior, which determine formation of 
anomalous granules and their evolution in PM HIP stainless steels under hot deformation and heat 
treatment were found in this work. These results are useful for a better understanding of the physical 
metallurgy of the PM HIP metallurgy for stainless steels using rapidly quenched PREP powders. 
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Title: Effect Of Hydrogen Heat Treatment Of Cold Spray Additively Manufactured Ti-6Al-4V 

Keyword(s):  
Cold spray, Additive manufacturing, Titanium, Heat treatment, Hydrogen 

Abstract: 
Cold Spray Additive Manufacturing (CSAM) is a solid-state additive technology where metal powders are 
accelerated through a converging-diverging Laval type nozzle using a pressurized carrier gas. These 
powders are then sprayed onto a substrate in the shape of the desired component and subsequently 
removed. As only low temperatures (<1000 °C) are used during CSAM, the strength of the component 
relies completely on particle deformation and interlocking as very little diffusional processing takes place 
in order to create metallurgical bonds. Post-spray heat treatments are often necessary in order for 
components to achieve mechanical properties similar to other additive techniques. In this work, the heat 
treatment process known as Thermohydrogen Reduction of Microstructure (THRM), which was initially 
developed for laser based additive manufacturing, is applied to Ti-6Al-4V components produced via 
CSAM. Its effect on density, microstructure, and tensile properties are examined. 

Innovative Aspect(s): 
Unlike the more common laser and electron beam based additive manufacturing technologies which 
achieve consolidation through melting, Cold Spray Additive Manufacturing (CSAM) is a solid-state 
additive technology which allows for greater material freedom such as refractory materials, dissimilar 
materials, composite blends, and materials which suffer from hot cracking. Additionally, CSAM has 
greater spatial flexibility compared to other solid-state additive technologies (e.g. friction stir & ultrasonic 
welding) due in part to the use of robotic armatures. However, particle bond strength is low which results 
in poor tensile properties. In this work, hydrogen is used in a post-spray heat treatment to both create 
metallurgical bonds and manipulate the microstructure for improved tensile properties. Hydrogen is 
beneficial as a temporary processing agent for titanium alloys as it induces phase transformations for 
improved microstructure and increases diffusion kinetics, which aid in the development of metallurgical 
bonds. 
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Abstract: 
Binder jetting process is a prominent 3D printing technology due to its cost-effectiveness and capability 
to scale up the production in terms of batch sizes. However, the green parts need several post-processes 
including curing, debinding and sintering to improve the parts' density and mechanical strength. These 
post-processes bring many challenges affecting the final part size and dimensional accuracy. To get the 
best result and desired material properties, precise temperature and atmosphere control are vital during 
each individual post-processes.  This work shows 3D computational fluid dynamics (CFD) as a powerful 
tool to obtain such an objective. A full-scale 3D CFD simulation method of a sintering furnace in 
operation will be presented. This method allows 3D calculation of all the important processes including 
thermal gradients, gas flowing, thermal radiation, heat transfer and conjugated heat conduction in solids 
so that sintering processes of metal binder jetting products can be well simulated. 

Innovative Aspect(s): 
A full-scale 3D CFD simulation method of a sintering furnace in operation will be presented. . To obtain 
a better understanding of the details in thermal gradients and gas flow inside the sintering furnace.. This 
method allows 3D calculation of all the important processes including thermal gradients, gas flowing, 
thermal radiation, heat transfer and conjugated heat conduction in solids so that sintering processes of 
metal binder jetting products can be well simulated, which can be used to optimize the sintering. . 
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Abstract: 
Metal powder extrusion was developed  to manufacture steel components longer than 300 mm with a 
complex internal geometry and a wall thickness below 0.4 mm. These unique structures can be combined 
with customized alloys to facilitate innovation in many different industries. Extrusion of metal powders 
requires a compound that is flowable and has a high wet strength at room temperature. The right 
compound mixture and properties were obtained through the systematic method , Design of 
experiments. Sintering of extrudates introduced many new challenges, some of these were overcome 
with the help of sintering simulations, addressing heat distribution profiles and thermodynamics 
modelling of phase changes during sintering. This paper will present how to extrude and sinter such long, 
thin walled and complex shaped components through innovative and novel solutions and discuss the 
possible geometries, alloys and applications  within heat exchanging, crash absorption and filtering. 

Innovative Aspect(s): 
Metal powder extrusion is a manufacturing technology that has received little attention despite its great 
potential in industrial applications. We have successfully developed this technology to a level where we 
can prepare for mass production of extruded steel components. We want to share how far this 
technology has been developed and discuss the markets where the technology could excel. To prevent 
the extrudate from collapsing due to the heavy steel powder, new production methods combined with 
development of the extrusion compound has been developed. When extruding long structures 
maintaining straightness is of great importance so several solutions supporting, drying and handling has 
been developed. These solutions will be described and patents are pending for several of the solutions. 
The industrialization of such a process would further expand the possibilities of powder metallurgy, heat 
exchangers that can be extruded and sintered instead of being produced by welding or soldering 
corrugated plates. 
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Abstract: 
Solid-state additive manufacturing (AM) processes such as additive friction stir welding or ultrasonic AM 
have gained importance over the last years. Another promising non-melting technology is Cold Spray 
(CS), which can be classified as a powder-based directed energy deposition (DED) process. It offers 
advantageous properties like high deposition rates or low oxide build-ups. The CS process accelerates 
powder particles to supersonic speeds by a highly compressed and heated carrier gas, e.g. nitrogen. The 
resulting particle velocity is crucial for the deposition quality, since the bonding is induced by the plastic 
deformation of the particles. The most known influential parameters for this velocity are the gas 
temperature, pressure and type. Analyzing the CS process the powder gas flow rate, a so far slightly 
investigated parameter, seems to be of major importance. This paper investigates the influence of the 
powder gas flow rate on the quality of cold sprayed copper alloy parts. 

Innovative Aspect(s): 
Enabling a deeper understanding of the cold spray process, and its influential parameters, as well as their 
correlations regarding part quality. Using of the emerging solid state process cold spray, which potential 
as an additive process is focused in science and industry at the moment. Investigations of a parameter, 
which was less considered in previous publications. - Using of the powder material CW106C to improve 
part properities in terms of their later applications. For example using the high thermal conductivity of 
the material for the enhanced cooling of rocket liners. 
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Abstract: 
This work explores Composite Extrusion Modeling (CEM) with aluminium as an alternative processing 
route for aluminium alloys. This process allowed working with pellets of this material to be deposited 
directly, layer-by-layer. For this reason, the initial study necessary for the production of samples was 
carried out. The first challenge was the design of sustainable aluminium-based feedstock, and the 
production of pellets for additive manufacturing. Thanks to previous studies by the research group, the 
Powder Injection Moulding (PIM) technique was used as a first approach to produce good quality samples 
through a combination of water-soluble polymers with low CO2 emissions, PEG and CAB, respectively. 
For this, a microstructural characterization was carried out and the critical solid load and rheological 
properties are studied, as well as the debinding conditions and sintering parameters. In the same way, 
the printing parameters were optimized for a correct material deposition and to obtain good quality. 

Innovative Aspect(s): 
In this work, samples of aluminum alloys were obtained by Composite Extrusion Modeling (CEM). To do 
this, sustainable aluminium-based feedstock pellets were developed that combined a water-soluble 
polymer (PEG) and a low-CO2-emitting polymer (CAB). 
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Abstract: 
Wires of AlCuLi alloys belonging to the family 2060 have been produced by powder pressing and 
extrusion of the green compacts, obtaining bars. The bars were drawn to obtain the wire, which was 
deposited on a 5083 substrate by PMD. Previously, the parameters were optimized with commercial 
wire of 2319 alloy. The parameters studied were: current (120 -240A), travel speed (100 -180 mm|min), 
wire feed speed (0.8 -1 m|min), plasma gas flow (0.8 – 1 m|min) and different atmospheres (Ar, Ar|He15, 
ArHeN-70|0.015). The optimum parameters were applied to deposit the wires obtained by PM. The 
results obtained have been compared to typical porosity in Al alloys, which is reduced by pre-heating (> 
200 ºC) the substrate prior to welding. Li content losses have been observed in the drawing stage about 
60 %wt. However, the Li amount remains during plasma welding process in quantities closed to the 72 
%wt. 

Innovative Aspect(s): 
This work focuses on Wire Arc Additive Manufacturing technique. This technology provides a big number 
of environmental, economic and efficiency benefits for the production of weight in aircraft parts. Li-Al 
alloys exhibit improved performance in the aerospace sector: low density and reduced cost. Once the 
compositions are defined, the production of metal wires is proposed by a PM route combined with 
extrusion. The melting and casting step usually done to produce alloys is substituted by cold pressing of 
powders followed by hot extrusion of the green compacts to obtain bars. This approach avoids metal 
melting in all the steps to reduce energy consumption and the volatilization of alloying elements such as 
lithium. Bars will be drawn to the final diameter required for the wire. Finally, the wires are applied to 
additive manufacturing techniques, particularly, plasma arc welding. The optimal parameters of the 
technique are studied for the alloys under. 
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Abstract: 
Synthetic polycomponent materials are widely used in industry. Such materials include titanium- and 
aluminium-based compounds that have a number of specific physico-mechanical, high-temperature and 
electrical properties. They can be used as construction materials and as coatings materials in various 
branches of engineering and electrical engineering. However, obtaining this class of materials and 
products is difficult and costly. The use of traditional powder metallurgy methods makes it impossible to 
obtain high density products from powders of these materials because of their high hardness and low 
plasticity. When sintering presses from a mixture of titanium and aluminium powders, a self-spreading 
high temperature synthesis (SHS) process is initiated, resulting in decomposition and loss of form of 
pressing. The paper shows the prospect of using the method of pulsed (shock wave) pressing of powders 
using the energy of high explosives (HSE). The use of shock wave action to obtain composite 
multicomponent materials makes it possible. 

Innovative Aspect(s): 
Regularities of formation of the structure of composite materials during pulsed pressing of powders with 
blasting explosive materials. Establishing the dependence of the influence of technological modes of 
shock-wave treatment on the formation of nanostructured intermetallics in the contact zone of Ti-Al 
powders. 
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Title: Diffuse Action On Titanium Alloy Powders During Selective Laser Fusion Followed By 
Thermal And Hot Gas-static Hardening 

Keyword(s):  
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Abstract: 
The model of the selective laser melting (SLM) processes of metal powders, followed by thermal and hot 
gas-static hardening of the resulting products is used in additive technologies, and is one of the main 
stages of preparation for 3D printing. In order to increase the efficiency of the simulation, dependencies 
have been offered, which determine the activation of diffuse flows as in laser radiation in contact areas 
of powder particles, causing their consolidation, as in the powder material at high temperature heating 
in a vacuum or in an inert high-pressure gas medium near pores. It is shown that a two-stage thermal 
treatment using the temperatures at which titanium crystal lattices are transferred from the state of the 
α-phase to the  β-phase helps to increase the strength of the material produced after 3D printing of the 
goods, making it comparable to hot gas-static toughening. 

Innovative Aspect(s):  
The results obtained can be used for the development of advanced technologies for producing articles 
from titanium powders and other metal alloys for 3D printing by SLM. 
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Abstract: 
The materials produced from a tungsten-based powder composition with the inclusion of copper, nickel 
and iron, having a density not less than ρ 16.5 g|cm3, are promising for use in mechanical engineering 
and power engineering. A comparative study of such materials production, using traditional furnace and 
electro-pulse (EIS) sintering for powder metallurgy could contribute to technological development. The 
results of this study have shown that the rapid high temperature processes associated with EIS, the 
related processes of welding and hardening without thermal release may form residual stresses in the 
resulting powder materials, limiting strength. The subsequent thermal treatment of EIS-derived materials, 
which is half as long as the kiln sintering, produces heavy alloys with a low (<5%) residual voids content, 
however, their strength characteristics may be 10-15% higher and may exceed similar characteristics 
with comparable strength with similar results from traditional technology. 

Innovative Aspect(s):  
The results obtained can be used for the development of advanced Field Assisted Sintering Technologies 
for producing goods from tungsten powders and other metal alloys for 3D printing by EIS. 
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Abstract: 
Vat photopolymerization is the oldest and popular additive manufacturing technique, which can print 
metal and ceramic parts quickly with high dimensional accuracy. This study successfully produced a 
metallic alloy from elemental powders by Digital Light Processing (DLP) method. Ni-Ti-Cu powders were 
blended in a curable resin with a specific ratio. Then the prints were debinded and sintered in the 
optimum condition to obtain the final part. Finally, mechanical properties and microstructural 
observation were analyzed to authenticate the possibility of alloying with this technique. The results 
indicate that Vat photopolymerization is a fast, reliable method for producing a near net shape metal part 
from different elemental powders. A wide range of alloys with arbitrary chemical compositions can be 
made. 

Innovative Aspect(s):  
Producing a metal alloy or alloying from elemental powders by Vat photopolymerization, which is a near 
net shape technology, was done for the first time in this study. 
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Abstract:  
Characterization of metal 3D printed parts produced by direct MIM feedstock extrusion. 

Innovative Aspect(s): 
Pam 3D printers are unique on the market, they use as raw material industrial pellets (MIM feedstocks) 
it allows to the operators to use the exact same material from prototypes to small and medium series the 
same materials as injection moulding. 
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Abstract: 
Smart design in combination with additive manufacturing (AM), also known as 3D-printing, opens the 
possibility for manufacturing of new and more advanced lightweight components. AM allows for 
manufacturing of components with complex geometry and thin-walled inner structures. In the design of 
robust light weight structures, thin-walled cellular structures such as the triple periodic lattice structures 
are promising. However, process parameters in AM, such as build direction, and layer forming techniques 
may influence mechanical properties of the as-printed 3D-printed structures. Additionally, deformation 
mechanisms and structural response for the structures under load are not fully understood. In the present 
study, additively manufactured polymer specimens with triple periodic lattice structures were tested and 
evaluated by means of 3D micro-computed tomography (3D micro-CT) and in-situ mechanical testing. 
Build directions were altered in the AM process and the results on in situ testing and characterization of 
the lattice structures under load using CT are discussed. 

Innovative Aspect(s): 
Smart design combined with additive manufacturing (AM) may result in manufacturing of complex and 
efficient high strength lightweight components in metal. However, deformation mechanisms and 
structural response under load for such 3D-printed components and lattice structures are not thoroughly 
investigated and fully understood. The present study shows both challenges and promising features of 
additive manufactured lattices in terms of mechanical properties, typical defects and deformation 
mechanisms visualized by means computed tomography and in situ mechanical testing. 
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Abstract: 
The results of simulation of the process of hot forging of porous powder blanks in a die providing action 
of active friction forces on the side surface of the deformed blank, which are realized due to internal 
connections of matrix-material system, are presented. 

Innovative Aspect(s): 
Developing the design of an experimental stamp, which was used to produce composite materials based 
on aluminum, as well as the technological process of hot forging of porous powder blanks, which is 
important for the solution of one of the central problems determining the optimal shape, size and porosity 
of blanks for forging, as well as deformation schemes during its implementation, because these 
parameters not only determine the manufacturability and technical and economic efficiency of the 
process, but also to  the quality of the future parts. 


	METAL INJECTION MOULDING
	HOT ISOSTATIC PRESSING
	OTHER CONSOLIDATION TECHNOLOGIES

