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The Accelerated Metallurgy Team
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10 European Countries

EC

31 partners:
4 International R&D Centres
9 Universities
3 National Laboratories
15 Industrial Companies


http://www.faqs.org/docs/factbook/flags/da-lgflag.gif
https://www.cia.gov/library/publications/the-world-factbook/graphics/flags/large/en-lgflag.gif

‘AccMet’ Project Summary

EC: NMP.2010.4.0-3

High Throughput Technologies for Development of Formulated Products

e Large-Scale Integrating Collaborative Project

e 5 year duration: 2011-2016

e 22 M€ total cost: 12.25 M€ EC request, 9.75 M€ own
e 1.5 M€ Contribution from ARC (Monash, Australia)

Metal and Alloy Products are Economically Critical
— Added Value of 1.5 Trillion € p.a. to EC



Historical Perspective

Metallurgical R&D over
Previous 10,000 years

Ni Superalloys
Ti Alloys
Ni-Nb, Ni-Ti
Intermetallics
Ee-Ni-cr PGM Catalysts
Al-Cu Quasi-Crystals

Metallic Glass
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Combinatorial Development

Metals Smelting  Alloys Type Steel Light Superconductors

(bronze) Alloy Alloys Shape Memory Alloys



weigh elements

Alloy Formulator

melt to cast alloy
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rapid computation

Output Layer




Methodology

Rapid Alloy Synthesis @ Rapid Alloy Analysis Rapid Computation

Chemical & Structural
GD-OES, Corrosion, XRD

Elemental Powder

Gas Atomised

Unique Identification
Labelling & Logistics

Laser Deposition

Additive Manufacture - Trumpf

Physical Properties

Conduction, Thermoelectric, Magnet

Virtual Alloy Library

Data Collation & Reference

Sample Library Plates

Post processing eg. Heat Treatment

Mechanical Properties

Indentation, Scratch Resistance

Alloy Prediction

Neural Network, Genetic Algorithms

Cutput Layer




Magnitude of Potential Alloying

[ Total alloy system
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Alloy Phase Diagrams
* Most equilibrium binary alloy systems established, but with ‘grey’ areas

« Some ternary alloy systems are well studied, but still = 90% are unexplored
« Systematic studies of higher-order alloy systems are almost non-existent

« Within an alloy system, there is an infinite number of compositional mixtures



Multiplied by Potential Microstructures

* Cooling Rate

e Heat Treatment
e Grain Size

e Dopants / Impurities




Initial Target Applications.........

Improvement on current metal products:

2) Higher-Temperature Structural Alloys (stable>1000°C)
for rockets, turbines, jet-engines and fu5|on appllcatlons

3) New High-Tc Superconductor Alloys (type Il >30K)
wire-drawn for electrical, energy, MRI applications
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.......... Target Applications

4) New High-ZT Thermoelectric Alloys with (ZT > 1.5)
for converting waste heat into electricity and cooling

5) Magnetic Alloys (BHmax energy >25 MGQOe) & Magneto-Caloric Alloys
for motors/actuators and cooling ‘ >

6) New Phase-Change Alloys
ultra-high-density RAM data storage

shape memory alloys
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"Resource efficient Europe" - to conserve natural resources and raw materials,
support the shift towards a low carbon economy,
iIncrease the use of renewable energy sources,
modernise our transport sector,

promote energy efficiency.

EUROPE 2020 José Manuel Barroso



Bridging the Technology Gap
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Gap in Manufacturing Innovation

Government & p Private Sector
Universities GERVAUX

Outstanding Pilot-scale
R&D Demonstrators

Papers Tech Start-ups
| New Factories

Patents
New standards




‘AccMet’ Project Exploitation
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Successfully Completed 15t Year EC Review & Report

o Start up company in Stockholm — parallel to AccMet
(Christer Fuglesang’s support)

o High value stainless/bearing/tooling/nuclear steels
(new team steel specialist - Blanka Szost)

o Magnets

0 Fe-based Superconductors



Magnetic Materials

Reguired magnetizing field
Thermal stability, Resistivity Nd-Fe-B
Corrosion Resistance
Manufacturability, Cost, etc. \

Aniso Bonded Sm-Fe-Ni
Aniso Bonded Nd-Fe-B \

Iso Bonded Nd-Fe-B
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Historical trend of the improvement in the maximum energy product for commercially produced permanent magnets.




Magnetic Materials
Cost Periodic Table

Atomic Number Atomic symbol

4Be i Atomic weight 5B

9.01 ) _ s 10.81
Antiferromagnetic Ty (K) 179 85 Ferromagnetic T-(K)

Mg} (AT [#Si )

24.21 26.98 28.09

N ~

6C

20Ca BETN2Ti ) 24Cr [?5Mn25Fe [2’Co [2Ni [2°Cu [*0Zn [*'Ga &
40.08 44 .96 47.88 : 55.85 55.85 58.93 58.69 63.55 65.39 69.72

960 1043 1390 629 A X
$Te ERNEINNEEEN T AG“6Cd *°In [5°Sn |

ANg 101.1 102.4 106.4 107.9 1124 1148 118.7

Je2Ph |

207.2

<$10/kg

() Nonmetal $10 - 100/kg
$100 - 1000/kg

() Meta $1000 - 10000/kg
Radioactive >$10000/kg

|_BOLD | Magnetic atom




Superconductivity

Superconductors

development over 100 years 138K

MRI

Meissner Purcell Bloch Higgs_Boson
Effect Anderson Higgs

BCS Theory

Bardeen Cooper Schrieffer

_ Microwave
Juncpon Measurement
TranSIStOF Josephson 39K
Superconductivity BoramocKey 3
Onnes
1.2K
1911 1931 1961 1981 2011
Hg Nb NbC Nb3Sn Nb,;Ge Oxides MgB,

HgBa,Ca,Cu;0,

Operational Temperature, K
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Elemental Powder Fine Laser + Powder Control  Discrete Alloy Samples
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Micro/Nano
Indentation

~ Scanning SQUID
Scanning Kelvin Probe Magnetometer

Rapid Thermal Processing
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