
Metallurgy Europe – a Eureka Cluster Programme Proposal 

Technical Roadmap for 2014-2020 

The Metallurgy Europe community has gathered together over the past year and has successfully 
developed a collaborative and innovative ‘roadmap’ of activities, defining the most important strategic 
domains for the coming period 2014-2020. The following report is the result of numerous meetings, 
workshops and discussions with over 200 industrial and academic researchers across Europe. 

In the spirit of the bottom-up Eureka approach, the team has identified 13 economically-important 
research topics that need to be urgently bolstered if we are to safeguard and further improve Europe’s 
metallurgical and technological skills-base. The selected top-level topics are all of medium-to-long term 
value and will require numerous sub-projects during the implementation phase of Metallurgy Europe. 

The 13 top-level R&D topics that push the frontiers of metallurgy include: 

• Light alloys and metal-matrix composites
• High-temperature extreme alloys and composites
• New and improved steels
• Advanced superconductors
• High-ZT thermoelectric alloys
• Biocompatible metallurgy
• Metal-based 3D micro-parts & embedded sensors
• Automated additive manufacturing
• Combinatorial alloy development
• Coatings & surface protection
• Powder metallurgy techniques
• Predictive modelling and advanced characterisation
• Recycling, refinement, re-use and waste elimination

Each of these topics has been elaborated in the next section, outlining (i) the applications sectors, (ii) the 
interested industrial partners, (iii) the list of sub-projects expected, (iv) some of the game-changing 
technologies that will emerge, and (v) the societal impact for the average European citizen. 

A key asset of EUREKA is its flexibility: roadmaps and sub-projects will be continuously adapted in 
response to the rapidly changing technological environment and market demands. To this end, the 
roadmap will be reviewed and updated every 2 years, with the help of the Industrial Board. 
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Figure 1 gives an overview of the numerous areas of industrial application that metallurgy touches upon. 
It is a diverse field of research with enormous outreach, bringing benefits not only to structural 
materials but also to many functional devices like magnets, superconductors, batteries, coatings and 
catalysts. The connection between metallurgy and cost-affordable manufacturing is critical these days, 
as is the predictive capability of advanced computational models. 
 
Figure 2 overleaf shows the thematic structuring of the Metallurgy Europe cluster programme. Eight 
vertical topics have been selected, and these topics will also be bolstered by five cross-cutting horizontal 
technologies related to additive manufacturing, combinatorial metallurgy, powder metallurgy, modelling 
and characterisation, as well as recycling. These cross-cutting topics will form the glue within the 
programme. 
 
Figure 3 overleaf provides an overview of the size distribution of the proposed projects. There will be a 
small number of very large pan-European projects (40M€), a larger number of medium-sized projects 
(10M€), and a few smaller initiatives (1M€). The total project value - the area under the curve -  
represents approximately one billion Euros of projects over the programme’s initial duration. 
 
 

 
 
 
Figure 1:  Schematic diagram showing the diversity and connectivity of metallurgy. As shown 
metallurgy touches upon many areas of manufacturing, structures, functional devices and modelling. 
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Figure 2:   A thematic representation of the “Metallurgy Europe” Eureka Cluster programme, showing    
eight vertically-aligned R&D topics (yellow) and five cross-cutting horizontal R&D topics (green). The 
total ensemble represents a unique opportunity to integrate various different metallurgical areas and 
create synergies across different industrial sectors. 
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Figure 3:  Size distribution of projects within the Metallurgy Europe cluster programme. Large-scale 
projects will be very targeted and lower risk; medium-sized projects will be for teams performing 
medium risk, medium-TRL R&D; while the small-scale projects will specifically target young, 
industrially-oriented, European researchers working on slightly higher-risk topics. This provides an 
appropriate balance of budget, team size, TRL and risk levels. 
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Topic Name:     Light Alloys & Metal-Matrix Composites 
 

Applications: Automotive, space, aeronautics, security, electrical, construction 
 

Partners Interested: 
 

ESA, Airbus, Bombardier, Thales, Daimler, BMW, PSA Group, Norsk Titanium, Fraunhofer, CCFE, Imdea, 
Tecnalia, Bruker, Constellium, Johnson Matthey, Fiat, BAE Systems, Irepa Laser, BeAM, ESI Group, OHB 
Systems, Nedal, SAS, Access, VDM Metals, Doncasters, Inteco, IIT, Precer, Aluinvent, IMT, Impol, Fomas, 
Ruag, Zollern, Kolbenschmidt, CEIT, Grupo Antolin, ÖGI, Ecka Granules, Cenim, EPFL, Nanotech, AIMME 
 

List of Sub-Projects: 
 

- Improved aluminium and magnesium alloys for cast and wrought products, as well as metal foam parts 
- New generation of titanium alloys for the aerospace and security market 
- Higher strength, high-conductivity aluminium cabling for electrical applications 
- Beryllium-based alloys for space and nuclear applications 
- Core-shell precipitation-hardened alloys for high specific strength components 
- High-loaded nanocomposite materials for high stiffness and low thermal expansion 
- Potent grain-refining particles to improve the properties of castings and wrought billets 
- Additive manufacturing of light alloy feedstocks, in both powder and wire form 
- Energy and impact absorption of cellular, foamed and sandwiched lightweight materials 
- Corrosion protection systems and coatings for light alloys 
- Joining methods to bond light alloys to CFRP composites 
- Modelling of materials behaviour including crash and safety analysis 
- Recyclable light alloys and physical purification methods for removing inclusions 
 

Connections with other Topics: 
 

- Powder metallurgy 
- Designer microstructured alloys 
- Combinatorial alloy development 
- Biocompatible metallurgy 
- Additive manufacturing 
- Predictive modelling and characterisation 
- Recycling and re-use 
 

Game-Changers: 
 

- Next-generation alloys based on Al, Mg, Ti, Be and Sc, with appropriate grain refinement and 
precipitation hardening 
- Metal matrix composites with designer properties like high stiffness, low CTE and high specific strength 
- Light alloy parts 3D-printed or foamed into complex shapes with location-specific properties 
 

 
Benefits for the European Citizen: 
 

Almost all transport applications rely on lightweight materials. The best structural alloys for such 
purposes include aluminium, magnesium and titanium. However, many of the alloys used today date 
back 60-80 years. The next generation of lightweight, high-strength alloys and composites will make 
vehicles and machinery even lighter than ever before. For example, a 100kg weight saving in your car 
would save at least €1000 of fuel and roughly 2 tonnes of CO2 emissions, over the life-time of the car. 

6 
 



 
Topic Name:           High-Temperature Extreme Alloys & Composites   
 
Applications:  Nuclear fusion, space, aeronautics, turbomachinery 
 
Partners Interested: 
 

CCFE, Johnson Matthey, ESA, Reaction Engines, Imdea, Tecnalia, Airbus, AMG Group, ALD, AvioAero, 
BAE, AvioProp, MTC, Promes-CNRS, Irepa Laser, BeAM, OHB, RHI, Access, Precer, Ranotor, Högänäs, 
Doncasters, Ruag, NPL, BAM, Aubert&Duval, Plansee, Wieland, Heusler, Diamaze, Zoz, VDM Metals, 
RHP, EPMA, HC Starck, Nanotech, AIMME, Avure Technologies 
 
List of Sub-Projects: 
 

- Refractory alloy development, containing elements such as PGMs, W, Ta, Re, Nb, Mo, V, Cr, Hf and Zr 
- Cermets and ODS refractory alloy composites with inert, ceramic reinforcement 
- Improved wear-resistant cemented carbides with WC, diamonds and other hard additives 
- New high-entropy alloys based around refractory elements, with simple single phase microstructures 
- Reliable multicomponent thermodynamic phase equilibria for the aforementioned systems 
- High-strength, low-density intermetallics (e.g. aluminides, silicides, Laves phases etc.) 
- Oxidation-resistant machinable MAX phases with mixed metallic-ceramic-like properties 
- Exothermic metallic energy carriers for solid fuels and propellants 
- Novel net-shape processing routes, such as additive manufacturing, for refractory alloy products 
- New types of testing for mechanical properties (e.g. punch disc), high-temperature oxidation, high-
heat flux, and neutron environments 
- New refractory materials for linings across the whole metallurgical sector 
 
 

Connections with other Topics: 
 

- Combinatorial alloy development 
- Automated additive manufacturing 
- New and improved steels 
- Coatings and surface protection 
- Powder metallurgy techniques 
- Embedded sensors 
 
Game-Changers: 
 

- Tungsten-based alloys that will survive the 3000°C heat from a nuclear fusion reactor divertor 
- New high-temperature refractory alloys that can be used for spacecraft and re-entry capsules 
- Multi-component high-entropy alloys with superior mechanical and creep properties above 1500°C 
- Recyclable metallic powders used as a low-CO2 propulsion fuel for vehicles 

 
Benefits for the European Citizen: 
 

Several industrial processes involve very high temperatures. For example in an aeroplane jet engine the 
materials have to withstand 1500 to 2000°C. In nuclear fusion reactors, the metal containment box has 
to survive up to 3000°C. This is ten times hotter than the oven in your kitchen, and nearly half as hot as 
the Sun’s surface. For these applications to succeed, we need to improve the current portfolio of alloys 
and composites and keep pushing the limits of a material’s survivability. 
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Topic Name:            New & Improved Steels  
 
 
Applications: Steel sector, automotive, aerospace, construction, security, maritime, offshore 
 
Partners Interested: 
 

ArcelorMittal, Outokumpu, Thyssen Krupp, Tata Steel, Siemens, Johnson Matthey, Daimler, BMW, PSA, 
Philips, CCFE, BP, Imdea, Max-Planck Institut, Sandvik, Cambridge University, M2i, ESI Group, Högänäs, 
AllSeas, IMT, Linde, Ames, Štore Steel, Erasteel, Gerdau, SKF, Rübig, Fomas, Swerea, Tecnalia, Grupo 
Antolin, Vallourec, Swansea University, Manchester University, Imperial College, Cenim 
 

 

List of Sub-Projects: 
 

- New stainless and mild steels with improved corrosion properties 
- PGM-doped steels for extreme environments 
- Low-activation steels for nuclear fusion application 
- Dispersion-strengthened steels for hydrogen-embrittlement resistance 
- Bearing steels for fatigue-resistant rolling applications 
- Super-bainite steels for high strength and toughness 
- Improved TRIP and TWIP steels for structural applications 
- Interstitial-free steels for high formability and drawing applications 
- Fe-based BMGs and electrical steels for magnetic and transformer applications 
- New joining, welding and thermo-mechanical treatments 
- Heat treatments, and diffusion processes like nitriding 
- Modelling of microstructure and properties of steels 
 

 

Connections with other Topics: 
 

- Automated additive manufacturing 
- Magnetic alloys 
- High-temperature extreme alloys and composites 
- Biocompatible metallurgy 
- Coatings and surface protection 
- Powder metallurgy 
- Predictive modelling and characterisation 
 
Game-Changers: 
 

- Improved low-activation EUROFER alloy that can be used for nuclear fusion reactors 
- Steels with enhanced resistance to corrosion, chemical attack and hydrogen embrittlement 
- New low-cost Fe-based bulk metallic glasses that can be thermoplastically formed or used in magnets 
 

 
Benefits for the European Citizen: 
 

Steel is the most commonly used metallic alloy in the world, with over two billion tonnes produced 
every year. This dominance is likely to be the case, even 100 years from now. Steel is used virtually 
everywhere, in cars, buses, ships, skyscrapers, power stations, oil rigs, magnets and thousands of 
domestic appliances. Therefore it is vital that innovative steel research continues, discovering even 
better compositions and enhanced processes that can unlock new applications. 
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Topic Name:     Advanced Superconductors 
 
 
Applications: Electrical, magnetic, medical, nuclear fusion, space, computing 
 
Partners Interested: 
 

Bruker Superconductors, Siemens, ASG, Columbus Superconductors, ESA, Philips, CCFE, ITER, Johnson 
Matthey, OHB Systems, Wieland, Imdea, Linde, University of Oslo, Swansea University, ESRF, ILL 
 

 
List of Sub-Projects: 
 

- Predictive modelling of superconducting (SC) materials 
- Combinatorial searching and screening methods for new and advanced superconductors 
- Production of ductile metallic alloy SCs 
- Production of inorganic and synthetic metal SCs 
- Strengthening, precipitation-hardening and flux-pinning mechanisms in SC cables 
- Improved processing routes, powder production, extrusion, wire-drawing, tape-laying etc. 
- New containment and sheath materials 
- Novel designs for high-intensity magnets 
- Improved and power-cost cryocoolers that can reduce the dependence on helium cryogenics 
 

 
Connections with other Topics: 
 

- Combinatorial alloy development 
- Powder metallurgy 
- Light alloys and composites 
- Magnetic alloys 
- Predictive modelling and characterisation 
 

 
Game-Changers: 
 

- Modelling tools capable of designing and predicting new SC materials 
- High-temperature superconductors, going beyond the cuprate systems 
- Ductilised SC alloys and intermetallics, with medium Tc 
- New MgB2 wire manufacturing method 
- Lower cost extrusion and wire-drawing techniques for cable production 
 
 
Benefits for the European Citizen: 
 

Superconductors that operate nearer to room temperature would revolutionise the entire electrical 
world. They would enable frictionless levitating cars, buses and trains that could travel at high speed and 
efficiency. Superconductors could also eliminate the electrical losses in pylons, lowering electricity bills 
by at least 30%. Ultra-high-speed superconducting computers would be thousands of times faster than 
the computers, tablets and smartphones we all use today. Better superconductors would also make MRI 
scanners in hospitals more affordable, thereby improving the well-being of patients. 
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Topic Name:     High-ZT Thermoelectric Alloys 
 
Applications: Every technical sector that generates waste heat (i.e. all sectors) 
 
Partners Interested: 
 

ESA, TEGma, Airbus, Fraunhofer, Philips, CCFE, Imdea, BMW, Tecnalia, Johnson Matthey, Fiat, OHB 
Systems, Idener, Tata Steel, RGS Development, TermoGen, Heusler, CNRS-Crismat, AGH-Krakow, Cyprus 
University, University of Lorraine, Cardiff University 
 
 
List of Sub-Projects: 
 

- Low-cost, scalable, high-ZT silicide and oxide based thermoelectric (TE) materials 
- Predictive modelling of dopants and grain boundary engineering 
- Nanocomposites with novel thermal design 
- Additive manufacturing of thermoelectric generators 
- Alternative high-throughput production and assembly techniques 
- Metrology, measurement standardisation and round-robin testing 
- New module system designs for positive cost-benefit and higher efficiency 
- Autonomous TE power systems for miniature embedded sensors 
 
 
Connections with other Topics: 
 

- Powder metallurgy 
- Designer microstructured alloys 
- Combinatorial alloy development 
- Light alloys and composites 
- Additive manufacturing 
- Predictive modelling and characterisation 
- Embedded sensors 
 
 
Game-Changers: 
 

- Modelling tools capable of designing and predicting new thermoelectric materials 
- High-ZT thermoelectrics, with heat-to-electrical conversion greater than 10% 
- Peltier coolers for heat removal in electrical, computing and laser systems 
- Low-cost production of thermoelectric generators that can be used industrially 
- New designs for maximising conversion efficiency 
 
 
Benefits for the European Citizen: 
 

Thermoelectrics are not widely known, yet they have enormous potential in consumer products. 
Thermoelectric alloys have the remarkable property that they can turn heat directly into electricity 
without any moving parts. This means that large quantities of waste heat from factories and power 
stations could be salvaged and turned into electricity, saving considerable CO2 emissions. In cars, a 
thermoelectric generator attached to the exhaust pipe would lower your fuel bill by 5-10% per year. 

10 
 



Topic Name:    Biocompatible Metallurgy 
 
 
Applications: Biomedical, consumer healthcare products 
 
Partners Interested: 
 

Boston Scientific, Johnson Matthey, Philips, ESA, Fraunhofer, Imdea, Tecnalia, Irepa Laser, Renishaw, 
EnBio, IMT, Idener, UNG, Högänäs, Ulm University, ETHZ, Cenim, UCD 
 
List of Sub-Projects: 
 

- New range of biocompatible alloys that can be used for orthopaedics, pacemakers and other implants 
- Tuneable corrosion-resistance for stents, hip replacements and dental implants 
- Stainless alloys for medical equipment, razors and electric shavers 
- Functionalised and anti-microbial coatings on biomedical components 
- Additively-manufactured lattice structures with tuneable porosity and drug-eluting content 
- Metallic and ceramic scaffolds for stem-cell research 
- Embedded sensing and energy harvesting within biomedical products 
- Miniaturised biomedical parts and needles made from amorphous alloys 
- Metal casings and bio-parts made from formable BMGs 
- Low Young's modulus for bone implant materials 
 
Connections with other Topics: 
 

- Combinatorial alloy development 
- Light alloys and composites 
- Additive manufacturing 
- 3D micro parts  and embedded sensors 
- Coatings and surface protection 
 
 
Game-Changers: 
 

- Additively-manufactured implants made with tuned lattice porosity and internal channels 
- New biocompatible alloys and coatings for orthopaedic implants, like stents and hip replacements 
- Embedded electronic sensors and energy-harvesting devices to power new biomedical implants 
 
 
 
Benefits for the European Citizen: 
 

In order to maintain and continuously improve the healthcare in Europe, we need to invest in new 
materials that are compatible with the human body. Hospital and dental equipment are often made 
from special stainless alloys that are able to kill microbes and bacteria. Implants and pacemakers need 
to withstand infection and rejection from the body, and must perform without failure for decades. All of 
these products requires considerable research into materials behaviour and bio-compatibility. 
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Topic Name:       Metal-Based 3D Micro-Parts & Embedded Sensors   
 
 

Applications: Sensors, electronics, aerospace, security, watches, consumer appliances  
 
Partners Interested: 
 
Thales, Airbus, OHB Systems, Philips, ESA, Flamac, M2i, CCFE, Imdea, EMPA, Johnson Matthey, Swatch, 
Rolex, Tecnalia, NPL, Intrinsiq Materials, PX Group, Boston Scientific, Swatch, Rolex, Fraunhofer, RHP, 
Haldor Topsøe 
 

List of Sub-Projects: 
 

- Improved micro-machining of metallic parts 
- Micro-casting using pressure infiltration into leachable moulds 
- Thermoplastic forming of BMGs for parts ranging from millimetre to nanometre 
- Imprinting and embossing methods for replication 
- Pen-printed electrolytic structures down to micron-scale 
- Printable metallic inks for circuits, RFID tags and sensing devices 
- Powder-based additive manufacturing with micron-scale resolution 
- Intricate catalytic lattices with flow-optimised geometries 
- New etching, lithographic and laser methods for surface patterning 
- Biomimetic approaches for micro-parts, e.g. lotus-leaf, shark-skin surfaces 
- Embedded micro-sensors (strain-gauges, piezo-pressure sensors, resonators, accelerometers) 
- New embedded thermocouples for high temperatures, with/without self-calibration capability 
- Thin-film coated sensors using PVD, for wireless communication sensing 
 
 

Connections with other Topics: 
 

- Automated additive manufacturing 
- High-temperature extreme alloys and composites 
- Thermoelectric and magnetic alloys 
- Biocompatible metallurgy 
- Coatings and surface protection 
 
 

Game-Changers: 
 

- Formable bulk metallic glasses (BMGs) for micro-sized metal parts and sensors 
- Reliable printable electronic inks that can be used in solar cells, PCBs, touchscreens and textiles  
- Embedded sensors that are integrated inside metal and composite structures, measuring temperature, 
pressure, strain, gravity vector and other physical conditions 
 
 

 
Benefits for the European Citizen: 
 

The world is becoming smaller and smaller, and as our technology is miniaturised we need to keep 
devising new ways of making parts in the sub-millimetre range. These metal parts can be embedded in 
all kinds of products, like gravity-detectors in smartphones or sensors in medical devices or the wings of 
an aeroplane. However, we need to build these mini-components even better and cheaper, so they will 
be used more broadly. The added benefit of miniaturising our technology is that we will use less 
material, improve consumer safety, save money and have lots of new devices that fit in our pockets. 
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Topic Name:     Automated Additive Manufacturing 
 
Applications: Every technical sector requiring metal components 
 

 
Partners Interested: 
 

Norsk Titanium, MTC, Irepa Laser, BeAM, Fraunhofer, AVIOAero, AVIOProp, ESA, Airbus, Thales, 
Bombardier, CCFE, BAE, EPMA, Imdea, Siemens, Johnson Matthey, Tecnalia, Renishaw, Philips, Sandvik 
Osprey, Sener, SKF, ESI Group, Granta Design, Constellium, OHB Systems, Ruag, Boston Scientific, Idener, 
EraSteel, IIT, Inspire, TLS Technik, AIMME, Politecnico di Torino, Universities of Birmingham, Cranfield, 
Swansea, Erlangen, EPFL, ETHZ 
 
 

List of Sub-Projects: 
 

- Additive manufacturing (AM) of large-scale structures for transportation and energy 
- Printing of fine, intricate lattices for applications in catalysis, biomedicine, energy absorption, heat 
exchangers, sensors, batteries and acoustic systems 
- AM processing of high-melting-point refractory alloys like tungsten, tantalum, niobium and platinum 
- Development of new designer alloys that are specific to AM processing, rather than casting or forging 
- Automation, adaptronics and in-situ metrology techniques for closed-loop control of the process 
- Understanding and comparing AM processes in terms of properties, defects and dimensional accuracy 
- Optimised post-processing steps like HIPping, heat treatment and laser polishing 
- Accurate numerical modelling of AM at the scale of the weld-pool, as well as at the component scale 
- New design rules, best-practice and free materials optimisation modelling for AM parts 
- Integrated supply chain across Europe, combining alloy producers, powder/wire suppliers, AM equip-
ment makers, AM factories, post-processers, software control companies, testers and end-user OEMs 
 
 

 

Connections with other Topics: 
 

- Powder metallurgy 
- Light alloys and metal-matrix-composites 
- Combinatorial alloy development 
- High-temperature extreme alloys and composites 
- Biocompatible metallurgy 
 

 

Game-Changers: 
 

- New set of AM-specific alloys with improved microstructures and final properties 
- Large 2-3 metre-sized single-piece metal structures for aerospace and security 
- AM-produced high-temperature refractory parts for nuclear fusion reactors 
- Customised biocompatible AM parts for biomedical and orthopaedic devices 
 

 
Benefits for the European Citizen: 
 

Additive manufacturing, or 3D-printing as it is sometimes called, is a revolutionary way of making metal 
parts. It permits completely new designs, new shapes and new materials to be used, that were 
impossible before. Printing large-scale metallic structures, like aeroplane wings, space satellites and car 
engines – as a single metallic piece – will save materials, reduce machining waste, lower cost by 50% and 
bring back manufacturing to Europe. Likewise, 3D-printing metallic parts for hip, knee and dental 
replacements will greatly improve our health and well-being in the coming decades. 
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Topic Name:        Combinatorial Alloy Development 
 
 
Applications: Every technical sector requiring metals, alloys and compounds 
 
Partners Interested: 
 
ESA, Flamac, Norsk Titanium, Irepa Laser, Fraunhofer, AVIOAero, AVIOProp, Airbus, CCFE, Imdea, 
ArcelorMittal, Johnson Matthey, Constellium, Silmet, PX Group, Vallourec, Renishaw, Universities of 
Birmingham, Politecnico di Torino, University of Sheffield, DTU-Risø, Granta Design 
 
List of Sub-Projects: 
 

- Novel development of bulk and thin-film high-throughput synthesis and melting techniques 
- New metrology equipment for testing mechanical, physical, chemical and structural properties 
- Integration of synthesis and testing equipment in a high-speed combinatorial factory 
- Production and screening of alloys for lightweight, high-temperature, structural and functional 
applications across a range of industries 
- Rapid mechanical test techniques suited to small samples, such as punch-disc and micro-tensile tests 
- Database creation, maintenance and visualisation tools to store and analyse the “big data” generated 
- Development of modelling techniques, such as neural networks, genetic algorithms, DFT and Calphad, 
in order to better predict alloy behaviour from first principles or from non-linear regression analysis 
- Embedding eco-design and materials substitution into the alloy development process 
 
 

Connections with other Topics: 
 

- Predictive modelling and characterisation 
- Powder metallurgy 
- Light alloys and metal-matrix-composites 
- Automated additive manufacturing 
- High-temperature extreme alloys and composites 
- Biocompatible metallurgy 
 
 

Game-Changers: 
 

- Production of individual alloy samples with unique composition every 30 seconds 
- Rapid screening that can discover and optimise new “cyberalloys” in 5 months, as opposed to 5 yrs 
- A pilot-scale combinatorial factory in Europe capable of serving multi-sectoral projects 
 

 
Benefits for the European Citizen: 
 

The world without metal alloys would be inconceivable. Historically, there has always been a clear and 
direct link between the discovery of new technical alloys and economic prosperity. To progress further 
we must discover and design new alloys using high-speed techniques. Accelerating the rate of discovery 
of these new materials will give us a competitive edge in Europe and it will allow us to solve many of the 
21st century challenges to do with climate change, energy, mobility and health care in an ageing 
population. Combinatorial high-throughput metallurgy is economically useful, and Europe already has a 
world-leading position in this particular area. 
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Topic Name:           Coatings & Surface Protection 
 
 

Applications: Every technical sector 
 
Partners Interested: 
 

Johnson Matthey, Bruker, Rübig, ESA, Philips, Irepa Laser, Fraunhofer, Airbus, CCFE, BP, Tata Steel, 
ArcelorMittal, Tecnalia, Thales, Sandvik, Swatch, Constellium, EnBio, Siemens, IMT, Fiat, Diamaze, GFD, 
EPMA, Ames, Vallourec, HC Starck, PMCtec, AIMME 
 

List of Sub-Projects: 
 

- New alloys compositions for galvanising of steel, aided by predictive modelling 
- Highly inert PGM coatings for oxidation and chemical-resistance in extreme environments 
- New processing techniques for coatings, such as He-free cold spray or improved laser cladding 
- Better surface protection systems for magnesium and other easily corrodible alloys 
- Replacement of toxic hexavalent chromium Cr6+ coatings in the plating industry 
- Laser polishing and other non-contact techniques for creating smooth metal surfaces 
- New electrolytic and electroless coating techniques on a variety of substrates 
- Diamond CVD coatings on metal parts for superior wear and scratch resistance 
- Improved sheath technology for superconducting wires and tapes 
- Oxidation-resistant ceramics and wear-resistant coatings on metal substrates 
- Low-cost functional coatings, such as thermoelectric materials or optical coatings 
- Bio-inspired superhydrophobic alloys and nanopatterned surfaces 
- Ultra-smooth coatings with Angstrom roughness for special mirrors and lithography units 
- Improved anti-microbial coatings for biocompatible devices, implants and medical equipment 
- Deeper understanding of corrosion phenomena in multicomponent multiphase alloys 
 

Connections with other Topics: 
 

- Powder metallurgy 
- Light alloys and metal-matrix-composites 
- New and improved steels 
- Automated additive manufacturing 
- High-temperature extreme alloys and composites 
- Biocompatible metallurgy 
- Predictive modelling and characterisation 
 

Game-Changers: 
 

- Galvanising zinc alloys for coating steel that are better than the state-of-the-art 
- Biomedical coatings that lower the risk of rejection and reduce the need for subsequent surgery 
- Inert coatings that can withstand oxidation and wear, especially at temperatures above 1000°C 
 

 
Benefits for the European Citizen: 
 

The in-service survival of a metallic component is largely related to its ability to resist corrosion and 
degradation. Iron and steel alloys rust and therefore need to be protected. Biomedical implants need to 
have the right surface treatment inside the human body. Parts used in jet engines need special coatings 
to survive the searing heat of the combustor and turbine. All of these applications are extreme in 
different ways. Billions of euros can be saved if we could simply improve our understanding of coatings. 
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Topic Name:           Powder Metallurgy Techniques 
 
 

Applications: Every technical sector 
 
Partners Interested: 
 

EPMA, Johnson Matthey, Haldor Topsøe, Bruker, ESA, Fraunhofer, Airbus, Tecnalia, Sandvik, EnBio, 
Ames, TLS Technik, Högänäs, GKN, ALD Vacuum, SKF, Fiat, EnBio, NMD, EPFL, TCD, Cenim, Ecrimesa, HC 
Starck, PMCtec, AIMME, Avure Tech, Bleistahl, Ecka Granules, Miba 
 
 

List of Sub-Projects: 
 

- special powder processing of PGMs and other catalytic materials, typically in nanoparticulate form 
- improved gas atomisation research and modelling to improve powder quality, fineness and 
monodispersity 
- sintering and hot isostatic pressing (HIP) of metal powders for large, near-net-shape parts, as well as 
the associated shape-change modelling 
- better metal injection moulding (MIM) formulations for large volume, small-sized metal parts 
- melt infiltration of powder compacts to produce high-performance composites 
- designer microstructures produced from the compaction of individual phases 
- novel magnetic materials based on powder feedstocks, especially for magnetic composites 
- improved quality control and certification of powders for powder bed and blown powder AM 
- superior bearing materials with controlled porosity for lubrication 
- compaction of diamond/metal composites for high hardness as well as very high thermal conductivity 
- nanoparticle processing for metal powders, including propellants, inks and catalysts 
- powder metallurgy, applied to biomaterials and biocompatible components 
 
 

Connections with other Topics: 
 

- Light alloys and metal-matrix-composites 
- High-temperature extreme alloys and composites 
- Automated additive manufacturing 
- High-temperature extreme alloys and composites 
- Predictive modelling and characterisation 
 
 

Game-Changers: 
 

- Large-scale production of high-quality, spherical powders, specifically for additive manufacturing (AM) 
- New commercial Cu/diamond materials with thermal conductivity >500 W/m•K 
- Designer microstructured, composite materials that cannot be produced any other way 
 

 
Benefits for the European Citizen: 
 

Metallic alloys, in powder form, are incredibly versatile and can be put to many uses in practice. Industry 
currently produce one million tonnes of powder per year, worth over 6 billion euros, just in Europe. 
These speciality metal powders are used to make everything from magnets, to structural car parts or 
rocket propellants. Additive manufacturing of metals will be a major growth area in the very near future, 
too. Believe it or not, we even add nutritional iron powders to our cornflakes, to ensure we have 
healthy, red blood cells. 
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Topic Name:       Predictive Modelling & Advanced Characterisation 
 
Applications: Every technical sector, since this is a fundamental topic 
 

Partners Interested: 
ESI Group, Swerea, Granta Design, Netzsch, ESA, Airbus, CCFE, Imdea, Bruker, Philips CL, ArcelorMittal, 
AGH-Krakow, Max-Planck, EPFL, ThermoCalc, Constellium, Access, ESRF, ILL, PSI, Diamond, CEIT, NPL, 
Impol, Štore Steel, Vallourec, IMT, CNE, UNG, Gerdau, Idener, ComtesFHT, Imperial College, Manchester, 
Swansea University, ETHZ, Cenim 
 

List of Sub-Projects: 
- Computational alloy/property design aided by electronic and atomistic modelling (DFT, MD, kMC) 
- Simulation of microstructure and micro-mechanical behaviour in a wide range of alloy systems 
- New high-power regressional methods for analysing materials trends, such as data mining, genetic 
algorithms and neural networks 
- Predictive computer modelling of degradation phenomena, such as oxidation, corrosion, irradiation, 
wear, fatigue, creep, hydrogen and liquid metal embrittlement 
- Sophisticated process modelling for manufacturing methods, like 3D printing, AM, welding and milling 
- Modelling of heat treatment, precipitation hardening, quenching, ageing and induction heating 
- Multi-scale modelling strategies focusing on virtual design and virtual testing, prior to real application 
- Development of multicomponent phase diagrams using both Calphad and experimental methods 
- High-accuracy measurement of thermophysical, thermomechanical and wetting properties, using 
precision-metrology like electromagnetic levitation 
- Complex 3D simulations of real process chains including microstructural behaviour, including heat 
treatments, diffusion processes and process chain optimisation 
- In-situ 4D characterisation of micro- and nanostructures as a function of time and temperature 
- Pushing the frontiers of materials metrology using 3D atom probe analysis, high-resolution electron 
microscopy, X-ray/neutron diffraction, scattering, imaging and spectroscopy 
 

 

Connections with other Topics: 
- Materials modelling and characterisation are absolutely essential tools in the development of 
improved metallic products and engineering systems. Consequently, this topic touches upon every other 
topic in the programme, and will be naturally integrated 
 

Game-Changers: 
- Reliable models that can predict the fundamental thermodynamic properties of metallic alloys and 
phases, such as equilibrium phase diagrams for multicomponent systems with 3 or more elements 
- Predictive capability for a range of alloys, speeding up the time-to-market by a factor of 2 
- New data mining method for analysing the key trends between composition, process, structure, 
properties and performance, across all classes of materials and alloys 
 
 

 
Benefits for the European Citizen: 
 

Materials are usually comprised of many different elements. When they are mixed together to form an 
alloy, the properties of that alloy are often totally different to the elements that went into the mix. 
Scientists are now developing computer models to understand exactly why that is. By using fast 
computers to predict the properties of new materials we stand a good chance of not only improving all 
the materials around us, but also transforming society around us. Alongside modelling, we are also 
exploring new ways of characterising the properties of materials  – including ‘visualising’ atoms. 
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Topic Name:       Recycling, Refinement, Re-Use & Waste Elimination 
 
Applications: Every technical sector 
 
Partners Interested: Various 
 
List of Sub-Projects:  
 
- Better recycling methods based on gravitational settling, magnetism, hydrogen decrepitation, 
centrifugation or emulsion techniques 
- New reclamation techniques for very expensive platinum group metals (PGMs) and magnetic materials 
- Green technology for turning costly machining chips and swarf back into recycled ingots (especially for 
expensive high-value Ti, Nb, Ta, Mo, Zr) 
- Improved recycling of metal powders used in additive manufacturing or powder spraying 
- Urban mining of municipal waste materials (iron, copper, aluminium, other) that have been incinerated 
- Recycling of precious metals like copper, tantalum and gold from printed circuit boards (PCBs) 
- Minimisation of waste streams in ore processing 
- New solar metallurgy techniques for recycling and thermal decomposition of metals 
- Development of new separation techniques for rare earths metals 
- Development of solubility and phase diagram databases especially for the recycling of alloys 
- Implementation of Gemba Kaizen waste elimination practice 
 
 
Connections with other Topics: 
 
- Recycling is a prerequisite part of resource efficiency these days. Therefore, this particular topic is 
cross-cutting and touches upon every other vertical topic in the programme 
 
 
Game-Changers: 
 
- New recycling methods for regenerating scrap metals and machining swarf back into high-value ingot 
- Rare-earth and PGM refinement techniques that can recycle and separate out high-value elements 
- Urban mining process that can turn municipal waste alloys into useful products 
- High-efficiency solar metallurgical processing of ores and scrap metal 
 
 
 
Benefits for the European Citizen: 
All materials cost a lot of energy, time and money to produce. Wasting metals and alloys, by simply 
throwing them in land-fill sites after their use, is clearly not acceptable. Similarly, sending waste 
products and old computers overseas for reprocessing is not strategically or economically wise. As the 
world's population increases, there will be an ever-increasing scrabble for these material resources. This 
is why it is so important to recycle and reuse all the metals we use in our mobile phones, in our cars, in 
our homes and in our factories. Investing in better recycling methods today will mean saving the planet's 
precious resources tomorrow. The “circular economy” cannot happen without metallurgists inventing 
new recycling methods. 
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