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Overview 

Raabe: Adv. Mater. 14 (2002) 1 



2 

Alloy production, processing and manufacturing accounts 

for 46% of all EU manufacturing value and 11% of the EU’s 

total gross domestic product.  

 

1.3 trillion €  per year     or      3.5 billion €  per day in the EU 
 

[World Trade Organisation; International Metalworkers’ Federation] 
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New bulk steels 

D. Raabe et al. Scripta Materialia 60 (2009) 1141 

New mechanisms and their combinations 
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New bulk steels: understanding the nanoscopic length scales 

> 6 GPa 

Li et al.: Acta Mater. 60 (2012)  4005 



Overview 

Raabe: Adv. Mater. 14 (2002) 5 



Rapid alloy prototyping: combinatorial design of complex alloys 

How can we close this loop? 

 

efficiently probe: 

 

composition – processing – microstructure – property - 

phase space ? 

RAP:  Rapid alloy prototyping 

 

Theory guided (confined instability design (TD), 

SFE, solid solution, Suzuki, ...) 

combinatorial design  

Binary, ternary, quartenary alloys  

thermomechanical processing  

tensile testing 
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RAP: rapid alloy prototyping 

Combinatorial strip casting RAP: Steel-plant-in-a-box 

Plasma-powder synthesis 

Springer and Raabe, Acta Mater. 60 (2012) 5791 



Rapid alloy prototyping: ‘Steel plant in a box’ 

1. Multi-ingot vacuum or inert gas  

       inductive melting and casting 

 

2. Homogenization and hot rolling 

 

3. Heat treatment and / or  

 thermomechanical processing 

 

2. Discharge sample preparation 

 

3. Tensile testing (3 test per state) 

 

 

Heat treatment 
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… 55 

Springer and Raabe, Acta Mater. 60 (2012) 5791 



5 Cu-moulds, 60 kW vacuum induction 

furnace (vacuum, Ar, air) 

10 x 50 x 150 mm3 

Alloy  A Alloy  B Alloy C Alloy D Alloy E 

Furnace Combinatorial 

casting 

Rapid alloy prototyping:  multiple ingot casting 

Springer and Raabe, Acta Mater. 60 (2012) 5791 



1. Multiple casting VIM 

5 alloys in one step 

 

2. Hot rolling, cutting 

10 segmente per alloy 

 

3. Heat treatments 

50 combinations (matrix) 

 

4. Sample prep., tensile tests 

150 samples (statistics) 

 data-management 

 standards 

10 x 50 x 130 

2 x 55 x 550 80% 

S 4 kg 

Rapid alloy prototyping:  multiple ingot casting 



Rapid alloy prototyping:  multiple ingot casting 
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Rapid alloy prototyping:  applied to  TRIPLEX  Fe-Mn-Al-C steels  
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Rapid alloy prototyping:  applied to  TRIPLEX  Fe-Mn-Al-C steels  



Overview 

Raabe: Adv. Mater. 14 (2002) 14 
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Inverse strength-ductility:  phenomenological analysis 

inverse strength-ductility relation 

Martensite, Nano TRIP 

Twinning 

Shearbands 
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true strain 

stress 

Inverse strength-ductility:  phenomenological analysis 

inverse strength-ductility relation 

Design of ductile high strength alloys 

requires permanent strain hardening 



Mn slightly depleted inside particles and enriched in the γ matrix; κ-carbide: not exactly (Fe,Mn)3AlCx,  
Mn partitioned to γ matrix is more stable, and Mn-absent k-carbide is most stable 
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Rapid alloy prototyping:  applied to  TRIPLEX  Fe-Mn-Al-C steels  

10 at% C 

Springer and Raabe, Acta Mater. 60 (2012) 5791 
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Rapid alloy prototyping:  Fe-Mn-Al-C steels: not heat treated  

Fe-30.5Mn-2.1Al-1.2C (wt. %)  

Gutierrez-Urrutia et al. Acta Materialia 60 (2012) 5791 
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TL: Taylor lattice 
CB: cell blocks 
DC: cell 

Structure-property relations 

Structure-property relations: 

1) Structure evolution:   lattice defect population  

    dislocation production and mean free path 

    displacive carrier activation 

2) Structure property: Obstacle / interaction strength 

 

BC treatment:  Full-field CPFEM, spectral solvers,homogenization 

No  ‘true‘ models; 

reasonable models 

Roters et al. Acta Mater.58 (2010) 



650 MPa to 2 GPa 
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Martensite relaxation & aging & nanoscale austenite reversion 

Fe-13.6Cr-0.44C (wt.%) 

L. Yuan et al. Acta Mater (2012) 

Multiple mechanisms 

Nanocarbides, transformation GNDs, TRIP, retained 

austenite stabilization, dislocation decoration, 

nanoscale austenite reversion, nano-segregation 
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Rapid alloy prototyping:  other alloy systems 



Answering societies' grand challenges with complex alloys 

www.mpie.de 

Designing new metallic alloys 

 

- Multiscale simulation starting from first principles 

- Multiscale characterization starting from the atomic scale 

- Synthesis, processing, manufacturing 

- Understand strain hardening mechanisms in complex alloys 
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